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NOTICE

This Phase II - Title I Engineerirg Assessment has been
performed under ERDA Contract No. E(05-1)=1658 executed on
June 23, 1975 between the U.S. Energy hesearch and Development
Administration and Ford, Bacon & Davis Utah Inc. On October )
1977, ERDA was incorporated into the U.S. Department of Energy:;
hence, this engineering assessment is issued for the DOE, the
present responsible agency.



FOREWORD

This report entitled, "Phase II - Title I Engineering Assess-
ment of Inactive Uranium Mil} Tailings, Naturita Site, Naturita,
Colorado", was prepared under the U.S. Energy Research and Devel-
opment Administration (ERDA) Contract No. E(05-1)-1658. It is
one of a series of reports on inactive uranium millsites that
adcresses the rad.ological problems and estimated costs of reme-
dial measures that would reduce exposure of the general public.
Title I is not a scientific study but an engineering assessment
to determine the relative magnitude of the hazards associated
with each site, to identify reasonable remedial action options
for each site, and to estimate the remedia’ action costs. If
additional information that may alter or have an impact on a final
remedial action decision for any site is required, it can be ob-
tained during the Title II Engineering Effort. Chapter 1 of this
report is a summary and is published under separate cover for
thos2 not requiring all the details of this report.

Ford, Bacon & Davis Utah Inc. (FB&DU) under supplemental
authorization currently is investigating uranium mill tailings
stabilization techniques. This research could modify some of the
estimated costs in this report.

Also, FB&DU acknowledges the excellent cooperation and assis-
tance given in this engineering assessment. Particular recogni=-
tion is due the ERDA personnel of both the Germantown, MD and
Grand Junction, CO offices and also the Union Carbide Corporation
personnel of the Health Physics Division, Oak Ridge National Lab-
oratory, who provided field radiological measurements and radio-
metric analyses of samples. The preparation of this report could
not have been accomplished without the cooperation and assistance
of the following:

(1) The Environmental Protection Agency for consultation,
data, and information from prior surveys and studies
with notable assistance from the Office of Radiation
Programs, Las Vegas, Nevada

(2) The State of Colorado: Department of Health, Mr. A.
J. Hazle and Mr. G. A. Franz

(3) EG&G, Las Vegas, Nevada; Mr. Jack Doyle, for aerial
photography

(4) Center for Health and Environmental Studies, B;igham
Young University, Provo, Utah; for socioeconomic
studies

(5) Foote Mineral Company: Mr. R. L. Anderson, Mr. A. E.
Curtis

(6) Ranchers Exploration and Development Corporation:
Mr. David K. Hogan and Mr. Jamiesen K. Deuel
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ABSTRACT

Ford, Bacon & Davis Utah Inc. has performed an engineering
assessment of the problems resulting from the existence of radio-
active uranium mill tailings at Naturita, Colorado. The Phase II-
Title I services include the preparation of topographic maps, the
performance of core drillings sufficient to determine areas and
volumes of tailings, the performance of radiometric measurements
to determine the extent of radium contamination, the evaluation of
resulting radiation exposures of individuals and nearby populations,

‘he investigation of site hydrology and meteorology, and the cost-
tng of alternative corrective actions.

Radon gas release from the 704,000 tons of tailings at the
Naturita site constitutes the most significant environmental impact

although windblown tailings and external gamma radiation are also
factors.

Ranchers Exploration and Development Company has been licensed
by the State of Colorado to reprocess the tailings at a location

3 mi from the present site where they will be stabilized for long~
term storage.

The remedial action options include remedial action for
structures in Naturita and Nucla (Option I) at an estimated cost
of $270,000 and remedial action for structures and open land adja-

cent to the tailings site (Option II) at an estimated cost of
$950,000.
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Abbreviations/Terms

absorbed dose

A-E
AEC

alpha particle (a)

amenability

anomaly (mobile
gamma survey)

aquifer

atmospheric pressure

background radiation

beta particle (B)

GLOSSARY

Definitions

Radiation energy absorbed per unit
mass.

Architect-Engineer.
Atomic Energy Commission.

A positively charged particle emit-
ted from certain radiocactive material.
It consists of two protons and two
neutrons, hence is identical with the
nucleus of the helium atom. It is
the least penetrating of the common
radiation (a, B, Y), hence is not
dangerous unless alpha-emitting sub-
stances have entered the body.

The relative ease with which a min-
eral (s) can be removed from an ore
by a particular process.

Any location detected by the mobile
gamma survey where the recorded counts
per second (c/s) from a large gamma-
ray detector exceed the determined
background for that area by 50 or
more c/s.

A water-bearing formation below the
surface of the earth; the source

of wells. A confined aquifer is over-
lain by relatively impermeable rock.
An unconfined aquifer is one associ~
ated with the water table.

Pressure exerted on the earth by the
mass of the atmosphere surrounding
the earth; expressed in inches of
mercury (at sea level and 0°C, stan-
dard pressure is 29.921 in. Hg),.

Naturally occarring low-level radia-
tion to which all iife is exposed.
Background radiation levels vary
from place to place on the earth.

A particle emitted from some atoms

undergoing radioactive decay. A
negatively charged beta particle

xi



l1s identical to an electron. A
positively charged beta particle

is called a positron. Beta radia-
tion can cause skin burns and beta-
emitters are harmful if they enter
the body.

Biological Effects of Ionizing
Radiation.

BOM (USBOM) Bureau of Mines.

CHES Center for Health and Environmental
Studies, Brigham Young University,
Provo, Utah.

Curie (the unit of radioactivity
of any nuclide, defined as pre-
cisely equal to 3.7 x 1010 dis-
integrations/second) .

daughter product The nuclide remaining after a
radioactive decay. A daughter
atom may itself be radioactive,
producing further daughter prod-
ucts.

diurnal Daily, cyclic (happening each day
or during the day).

dose equivalent A term used to express the amount
of effective radiation when modi-
fying factors have been consid-
ered (the numerical product of
absorbed dose and quality factor).

External gamma radiation (gamma
radiation emitted from a source(s)
external to the body, as opposed
to internal gamma radiation
emitted from ingested or inhaled
sources) .

EPA (USEPA) Environmental Protection Agency.

ERDA (USERDA) Energy Research and Development
Administration.

ERDA-GJO Energy Research and Development
Administration-Grand Junction
Office.

The basic unit of work or energy
in the centimeter-gram-second.




expcsure

exhalation

FB&DU

gamma background

gamma ray

GJO

ground water

health effect

heap leaching

HEW (USHEW)

system (1 erg is equal to 7.4 x
108 ft-1b).

Related to electrical charge pro-
duced in air by ionizing radiation
per unit mass of air.

Emission of radon from earth (usu-
ally thought of as coming from a
uranium tailings pile, but actually
from any location).

Ford, Bacon & Davis Utah Inc.

Natural gamma ray activity every-
where present, originating from
two sources: (1) cosmic radiation,
bombarding the earth's atmosphere
continually, and (2) terrestrial
radiation. Whole body absorbed
dose equivalent in the U.S. due

to natural gamma background ranges
from about 60 to about 125 mrem/yr.

High energy electromagnetic radia-
tion emitted from the nucleus of

a radioactive atom, with specific
energies for the atoms of different
elements and having high penetrat-
ing power.

Grand Junction Office.

Subsurface water in the zone of
full saturation which supplies
wells and springs.

Adverse physiological response
from tailings (in this report, one
health effect is defined as one
case of cancer from exposure to
radioactivity).

A process for removing uranium from
ore, tailings, or other material
wherein the material is placed on
an impermeable pad and wetted with
appropriate reagents. The uranium
solution is collected for further
processing.

Department of Health, Education,
and Welfare.
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insult

Interim Drinking
water Standards (EPA)

iso-exposure line

isotope

JCAE

knot

uR/hr
mR/hr

MeV

NAS

NIOSH

noble gas

NRC

Negative impact on the environment
or the health of individuals.

Title No. 40 of the Code of Fedzr-
al Regulations, Chapter 1, Parc
141. dated Dec 24, 1975; sched-
uled to become effective Jur 24,
1977,

A line drawn on a map to connect
all points having the same expo-
sure rate.

One of two or more atoms with the
same atomic numbers (the same chem-
ical element) but with different
atomic weights. Isotopes usually
have very nearly the same chemical
properties, but somewhat different
physical properties.

Joint Committee on Atomic Energy.

A unit of velocity, approximately
equal to 1.15 mi/hr.

Microroentgen per hour.
Milliroentgen per hour.

Million electron volts.

Maxinum permissible concentration
(the highest concentration in air
or water of a particular radionu-
clide pormicsible for occupational
or general exmosure without taking
steps to red: e exposure).
National Academy of Sciences.

National Institute for Occupational
Safety and Health.

One of the gases, such as helium,
neon, radon, etc., with completely
filled electron shells which is
therefore chemically inert.

Nuclear Regulatory Commission.

Xiv



nuclide

ORNL

ORP-LVF (EPA)

pCi/1
PHS (USPHS)
QF

rad

radiocactivity

radioactive decay
chain

A general term applicable to all
atomic forms of the elements;
nuclides comprise all the isotopic
forms of all the elements. Nu-
clides are distinguished by their
atomic number, atomic mass, and
energy state.

Oak Ridge National Laboratory.

Office of Radiation Programs, Las
Vegas Facility (Environmental Pro-
tection Agency).

Picocurie per liter.
Public Health Service.

Quality factor (an assigned factor
which denotes the modification of
the effectiveness of a given ab-
sorbed dose by the linear energy
transfer).

Roentgen (a unit of exposure to
ionizing radiation. It is that
amount of gamma or X-rays required
to produce ions carrying 1 electro-
static unit of electrical charge,
either positive or negative, in

1 cubic centimeter of dry air under
standard conditions, numerically
equal to 2.58 x 1074 coulombs/kg).

The basic unit of absorbed dose of
ionizing radiation. A dose of 1
rad means the absorption of 100
ergs of radiation energy per gram
of absorbing material.

The spontaneous decay or disinte-
gration of an unstable atomic nu-
cleus, usually accompanied by the
emission of ionizing radiation.

A succession of nuclides each of
which transforms by radioactive
disintegration into the next until
a stable nuclide results. The
first member is called thce parent,
the intermediate members are called
daughters, and the final stable
member is called the end product.
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radium A radioactive element, chemically
similar to barium, formed as a
dauthter product of uranium (¢38uy).
The most common 1sotope Ol radium,
226Ra, has a half-life of 1,620

yr . Radium is present in all ura-
nium-bearing ores. Trace guianti-
ties of both uranium and radium
are found in all areas, contribut-
ing to the gamma background.

radon A radioactive, chemically 1inert
gas, having a half-life of 3.8
days (222Rn); formed as a daughter
product of radium (226Ra) .

radon background Low levels of radon gas found in
an area, due to the presence of
radium in the soil.

radon concentration The amount of radon per unit vol-
ume. In this assessment, the aver-
age value for a 24-hr period of
" atmospheric radon concentrations,

determined by collecting data for
each 30 min period of a 24-hr day
and averaging these values.

radon daughter One of several short-lived radio-
active daughter products of radon
(several of the daughters emit
alpha particles).

RDC Radon daughter concentration (the
concentration in air of short-lived
radon daughters, expressed usually
in pCi/l; also measured in terms
of working level (WL).

radon flux The quantity of radon emitted from
a surface in a unit time per unit
” area (typical units are in pCi/
: cmé-sec) .
raffinate The liguid part remaining after a

product has been extracted N A
solvent extraction process.

recharge The processes by which water 15
absorbed and added to the zone of
saturation of an aquifer, either
directly into the formation or
indirectly by way of another forma-
tion.




rem

residual value

riprap

sands

scintillometer

slimes

tailings

WL

(Acronym of roentgen equivalent
man) The unit of dose of any ioni-
zing radiation which produces the
same biological effect as a unit
of absorbed dose of ordinary X-
rays, numerically equal to the
absorbed dose in rads multiplied
by the appropriate quality factor
for the type of radiation. The
rem is the basic recorded unit of
accumulated dose to personnel.

The value of minerals in tailings
material.

An irregular wall of broken rock,
placed as a retaining wall, as a
protection for dikcs, etc.

Relatively coarse-grained materials
produced along with the slimes as
waste products of ore processing

in uranium mills (see tailings).
These sands normally contain less
radioactive material than the
slimes.

A gamma~ray detection instrument
normally utilizing a NaI crystal.

Extremely fine-grained materials,
mixed with small amounts of water,
produced along with the sands as
waste products of ore processing in
uranium mills (see tailings). Most
of the radiocactive material remain-
ing in tailings is found in the
slimes.

The remaining portion of a metal-
bearing ore after the metal, such
as uranium, has been extracted.
Tailings also may contain other
minerals or metals not extracted
in the process (e.g. radium).

Working level. A unit of radon
daughter exposure, equal to any
combination of short-lived radon
daughters in 1 liter of air that
will result in the ultimate emis-
sion of 1.3 x 105 MeV of potential
alpha energy. This level is equiva-
lent to the energy produced in the
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CHAPTER 1

SUMMARY

1.1 INTRODUCTION

The U.S. Energy Research and Development Administration
(ERDA) has contracted with Ford, Bacon & Davis Utah Inc. (FB&DU)
of Salt Lake City, Utah, to provide architect-engineering ser-
vices in the assessment of the problems resulting from the ex-
istence of large quantities of radioactive uranium mill tailings
at the sites of inactive mills in eight western states.

. A preliminary survey (Phase I) was carried out by ERDA in
cooperation with the EPA and the affect?? states and completed
in October 1974, 1In the Summary Report ), ERDA identified 17
sites in Arizona, Colorado, Idaho, New Mexico, Utah, and Wyoming
for which practical remedial measures are to be evaluated.
Subsequently, ERDA added five additional sites (Riverton and
Converse County, Wyoming; Lakeview, Oregon; Falls City and Ray
Point, Texas) to the list for a total of 22 sites. Most of these
mills produced by far the greatest part of their output of ura-
nium under contracts with the U.S. Atomic Energy Commission (AEC)
during the period 1947 through 1970. After operations ceased,
some companies made no attempt to stabilize the tailings, while
others did so with varying dearees of success. Recently, concern
has increased about the possible adverse effects to the general
public from long-term exposure to low-level sources of radiation
from the tailings piles and sites.

To date, the studies of radiation levels on and in the vicin-
ity of these sites have been limited in scope. The data avail-
able were insufficient to permit assessment of risk to people
with any degree of confidence in the conclusions reached. 1In
addition, information on practicable measures to reduce radiation
exposures and estimates of their projected costs are limited.

The purpose of this study is to develop the necessary information
to provide a basis for decision-~making for appropriate remedial
actions for each of these sites.

In assessing the significance of the conditions existing
at the Naturita site, evaluations of the following factors were
included:

(a) Exhalation of radon gas from the tailings

(b) On=-site and off-site direct radiation

(¢) Land contamination from windblown tailings

(l)gee end of chapter for references.
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(d) Hydrology and contamination by water pathways
(e) Potential health impact

(f) Potential for extraction of additional metals
from the tailings

Investigation of these and other factors led to the de-
tailed evaluation of two alternatives. The first includes only
remedial action at off-site structures and the second includes
remedial action at off-site structures and cleanup of windblown
contamination surrounding the tailings site. The formulation of
these options assumes that the tailings will be removed from ;he
site for reprocessing at a different location and that contami-
nated soil beneath the pile will be removed.

The estimated costs of carrying out the remedial work to
implement each option depend on such parameters as the degree of
decontamination to be achieved.

1.1.1 Background

On March 12, 1974, the Subcommittee on Raw Materials of the
Joint Committee on Atomic Energy (JCAE), Congress of the United
States, held hearings on S, 2566 and H.R. 11378, identical bills
submitted by Senator Frank E. Moss and Representative Wayne Owens
of Utah., The bills provided for a cooperative arrangement be-
tween the AEC and the State of Utah in the area of the Vitro tail-
ings site in Salt Lake City.* The bills also provided for the
assessment of and appropriate remedial action to limit the expo-
sure of individuals to radiation from uranium mill tailings.

Dr. William D. Rowe, testifying in behalf of the Environmen-
tal Protection Agency (EPA), pointed out that there are other
sites with similar problems. He recommended the problem be ap-

proached as a generic one, structured to address the most criti-
cal problem first,

Dr. James L. Liverman, testifying for the AEC, proposed that
a comprehensive study should be made of all such piles, rather
than treating the potential problem on a piece-meal basis., He
proposed that the study be a cooperative two-phase undertaking
by the states concerned and the appropriate federal agencies,

*The proceedings of these hearings and the Summary Report on the
Phase I Study were published by the JCAE as Appendix 3 to ERDA
Authorizing Legislation for Fiscal Year 1976. Hearings before
the Subcommittee on Legislation, JCAE, on Fusion Power, Biomedi-
cal and Environmental Research; Operational Safety; Waste Manage-
ment and Transportation, Feb 18 and 27, 1975, Part 2.




such as the AEC and EPA. Phase I would involve site visits to
determine such aspects as their condition, ownership, proximity
to populated areas, prospects for increased population near the
site, and need for corrective action. A preliminary report then
would be prepared which would serve as a basis for determining
if a detailed engineering assessment (Phase II) were necessary
for each millsite. The Phase II study, if necessary, would in-
clude evaluation of the problems, examination of alternative
solutions, preparation of cost estimates and of detailed plans
and specifications for alternative remedial action measures.
This part of the study would include physical measurements to
determine exposure or potential exposure to the public.

The Phase I assessment began in May 1974, with teams con-
sisting of representatives of the AEC, the EPA, and the states
involved visiting 21 of the inactive sites. The Phase I report
was presented to the JCAE in October 1974. Table 1-1 summarized
the conditions at the time of the Phase I visits.(l) Based on
the findings presented in the report, the decision was made to
proceed with Phase II.

On May 5, 1975, ERDA, the successor to AEC, announced that
Ford, Bacon & Davis Utah Inc. of Salt Lake City had been select~
ed to provide the architect-engineering (A-E) services for Phase
II. ERDA's Grand Junction, Colorado, office (GJO) was authorized
to negotiate and administer the terms of a contract with FB&DU.
The contract was effective on June 23, 1975. The Salt Lake City
Vitro site was assigned as the initial task, and work began imme-
diately. Field work at Naturita included gamma logging of tail=-
ings drill holes on March 10 and 11, 1976, field survey work from
May 7 through May 11, 1976, and additional radon measurements on
June 5 and 6, 1976, and October 7 through October 10, 1976.

1.1.2 Scope of Phase Il Engineering Assessment

Phase II A-E Services are divided into two stages: Title I
and Title II.

Title I services include the engineering assessment of exist~
ing conditions and the identification, evaluation and costing
of alternative remedial actions for each site. Following the
selection and funding of a specific remedial action plan, Title
II services will be performed. These services will include the
preparation of detailed plans and specifications for implementa-
tion of the selected remedial action.

This report is the assessment made for Title I requirements
and was prepared by FB&DU. The Oak Ridge National Laboratory
(ORNL) at Oak Ridge, Tennessee, under separate agreement with
ERDA, provided measurements of the radioactivity concentrations
in the s0il and water samples and gamma surveys. The EPA staff
provided the results of radiation surveys they previously had
made at the Naturita site.



The specific scope requirements of the Title I assessment
as given in the contract may include, but are not limited to the

following:

(a)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

(1)

(1)

Preparation of an engineering assessment report
for each site, and preparation of a comprehensive
report suitable for submission to the Congress

on reasonable remedial action alternatives and
their estimated costs,

Determination of property ownership in order to
obtain release of federal government and A-E lia-
bility for performance of engineering assessment
work a+ both inactive millsites and privately
cwned structures.

Preparation of topographic maps of millsites and
other sites to which tailings and other radio-
active materials might be moved.

Performance of core drillings and radiomectric
measurements ample to determine volumes of tail-
ings and other radium-contaminated materials.

Performance of radiometric surveys, as required,
to decermine areas and structures requiring clean-
up or decontamination.

Determination of the adequacy and the environmen-
tal suitability of sites to which mill tailings
containing radium can be moved for long-term

(>50 yr) storage; and once such sites are iden-

tified, perfcrm evaluation and estimate the costs
involved.

Performance of engineering assessments of struc-
tures where uranium mill tailings have been used
in off-site construction to arrive at recommenda-

tions and estimated costs of performing remedial
action.

Evaluation of various methods, techniques and mate-
rials for stabilizing uranium mill tailings to
prevent wind and water erosion, to inhibit or
eliminate radon exhalation, and to minimize main-
tenance and control costs.

Evaluation of availability of suitable fill and
stabilization cover materials that could be used.

Evaluation of radiation exposures of individuals
and nearby populations resulting from the inactive
uranium millsite, with specific attention to:

(1) Gamma radiation
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(2) Radon
(3) Radon daughter concentrations

(4) Radium and other naturally occurring radio-
lsotopes in the tailings

(k) Investigation of site hydrology and meteorology.

(1) Evaluation of recovering residual values, such as

uranium and vanadium in the tailings and other
residues on the sites.

(m) Performance of demographic and land use studies.
Investigation of community and area planning, and
industrial growth projections.

(n) Evaluation of the alternative corrective actions
for each site in order to arrive at recommenda-
tions, estimated costs, and socioeconomic impact
based on population and land use projections.

(o) Preparation of preliminary plans, specifications,
and cost estimates for alternative corrective
acticns for each site.

Not all of these items received attention at this site.

1.2 SITE DESCRIPTION

1.2.1 Location and Topography

The tailings site is located 2 mi northwest of the town of
Naturita, Montrose County, Colorado in the San Miguel River
Valley. The valley floor is at an elevation of approximately
5,355 ft above sea level. The locale is arid with canyons,
mesas, steep cliffs and valleys which are typical of the western
slope of the Rocky Mountains. The site and its relationship to
the surrounding area is shown in the aerial photograph in Figure
2-1, Chapter 2.

1.2.2 Ownership and History of Milling Operations and Processing

The portion of the site occupied by the tailings was bought
by Ranchers Exploration and Development Corporation of Albuquerque,
New Mexico in 1976 from Foote Mineral Company. The balance of the
site is owned by Foote Mineral Company, which has leased a portion
to General Electric Company for an ore buying depot.



The mill was built in 1930 by the Rare Metals Company. It
did not become operational until 1939, when Vanadium Corporation
of America (VCA) acquired the mill and converted it to a salt-
roast, water-leach process for vanadium recovery. The process
was modified again in 1942 so that uranium could be extracted.
Uranium concentrates were shipped to the AEC until 1958, when the
mill was shut down. From 1961 until 1963 an upgrader was operated
at the site by VCA. The mill was dismantled in 1963. 1In 1967,
VCA was merged into Foote Mineral Company and site ownership

passed to Foote.

During its life the mill processed 704,000 tons of ore.
Prior to the 1958 shutdown the ore averaged 0.30% U30g and 1.8%
V205. During the upgrader operation, ore averaging 0.25% U30g
and 1.65% V05 was processed. Ore was received from throughout
the Uravan mineral belt and beyond.

1.2.3 Present Condition of the Site

Figure 2-3, Chapter 2 is a descriptive map of a portion of
the site as it now exists. The tailings pile is convex-shaped
and covers about 23 acres. Figure 2-4, Chapter 2 is a typical
cross-section of the site. The old mill building has been re-
moved, although 17 buildings remain which are used for storage,
office space, and by those leasing portions of the site as an ore
buying station. The tailings were stabilized in 1969 with approx-
imately 6 in. of earth cover. They now show signs of the erosive
action of storms. Vegetation cover is approximately 40%. The
site is fenced with a variety of fence types and is posted. There
is a partial dike on the site between the tailings and the river.
Maintenance and security are provided by the owners.

1.2.4 Tailings and Soil Characteristics

The tailings are mostly fine-grained sand with very little
slime. Bulk densities average 111 1b/ft3. There are approxi-
mately 704,000 tons of tailings on the site. The weight and
volumes of tailings materials are given in Table 2-1, Chapter 2.
The soil beneath the pile is composed of alluvial deposits of
the San Miguel River.

1.2.5 Geology, Hydrology, and Meteorology

The Naturita site is located on the west bank of the modern
flood plain of the San Miguel River, which flows northwestward
through the narrow San Miguel River Valley. The tailings lie on
approximately 50 ft of alluvium which overlies the shales, sand-
stones and conglomerates of the Brushy Basin Member of the Morri-
son Formation. The bedrock strata dip 2 to 4 deg northeastward.
The Brushy Basin Member is 100 to 200 ft thick beneath the tail-
ings and is underlain by the sandstones and shales of the Salt
Wash Member of the Morrison Formation and the mudstones of the
Summerville Formation. A simplified stratigraphic column is shown
in Figure 2-5, Chapter 2.
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The flowing surface waters adjacent to or near the site con-
sist of the San Miguel River and intermittant streams that drain
the neighboring canyons. One of these streams is diverted around
the pile, but cloudbursts up the canyon have resulted in the flow
of water across the northwestern portion of the pile. Waters have
flowed onto the pile from the diversion ditch along the southwest-
ern border of the site and from drainage at the northwest of the
site. An intermediate regional flood (100~yr flood) of the San
Miguel River or more severe floods would top the riprap protect-
ing the pile and erode cover materials and tailings from the pile.

Before the riprap protection was constructed, tailings were erc-
ded from the pile.

The unconfined aquifers in the San Miguel River Valley con-
sist of waters within the recent valley alluvium., Except during
flooding season, the water table lies 3 to 10 ft beiow the tail-
ings-subsoil interface. During an intermediate regional flood
Oor more severe floods, the water table would rise within the allu-
vium and tailings. Ground waters flowing through the tailings
during flood stages, and ground waters at normal levels can be
contaminated by precipitation, ponded waters, and flood waters
leaching through the pile.

Very little work has been done to identify confined ground
water aquifers in the Naturita area. Potential aquifers consist
of sandstone strata within the Morrison Formation, and the sand-
stone units within the Entrada Formation. The Summerville Forma-
tion separates the Morrison Formation from the Entrada Formation
and prevents downward migration of water. The Morrison Formation
is the host rock for much of the uranium ore in the area and is
not tapped as an aquifer. It is recharged in the Naturita area
and the hydraulic flow gradient is to the northeast of the pile.

Meteorological records from the Hopkins~Montrose Airport,
which lies 2.5 mi east of the site but outside the San Miguel
River Valley, show that thunderstorm activity and precipitaticn
in the area can be expected from May through October. Average
annual precipitation at Naturita totals about 11 in. Cloudbursts
at the site or in the canyons above the site have resulted in
physical erosion of the tailings. The strongest winds at the
site are those that are channeled up and down the canyon.

1.3 RADIOACTIVITY AND POLLUTANT IMPACTS ON THE ENVIRONMENT

About 85% of the total radiocactivity originally in uranium
ore remains in the tailings after removal of the uranium because
the radium and thorium, principal contributors to radioactive
emissions, were not normally removed from the uranium ores during
milling. The principal environmental radiological impact and
associated health effects arise from the 230Th, 226Ra, 222Rn, and

22Rn daughters contained in the uranium tailings. Although these
radionuclides occur in nature, their concentrations in tailings
materials are several orders of magnitude greater than their aver-
age concentrations in the earth's crust.
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1.3.1 Radiation Exposure Pathways, Contamination Mechanisms,

and Background Levels

The major potential environmental routes of exposure to man

are:

(a)

(b)

(c)

(d)

(e)

Inhalation of 222rn and its daughter products,
tesg%ging from the continuous radioactive decay

of 4“6Ra in the tailings. Radon is a gas which
diffuses from the piles. The pr%ncipal exposure
resulis from inhalation of the 222Rn and Rn daugh-
ters. This exposure affects the lungs. For this
assessment, no criteria have been established for
radon concentrations in air. However, the pathway
for radon and radon daughters accounts for the
major portion of the exposure to the population.

External whole-body gamma exposure directly from
radionuclides in the pile.

Inhalation and ingestion of windblown tailings.
The primary health effect relates to the alpha
emitters 230Th and 226Ra, each of which causes
exposure to the bones and lungs.

Ingestion of ground and surface water contaminated
with radioactive elements (primarily 226Ra) and
other toxic materials.

Contamination of food through uptake and concentra-

tion of radiocactive elements by plants and animals
is another pathway which can occur; however, this
pathway was not considered in this study.

1.3.1.1 Radon Gas Diffusion and Transport

Short-term radon measurements were performed with the ERDA-

supplied continuous radon monitors at 11 locations in the vicinity

of the Naturita tailings pile. The locations and values of the
radon measurements are shown in Figure 3-3, Chapter 3. The high-
est outdoor radon concentration off the pile was measured 0.17 mi
north of the Naturita site in the San Miguel River Valley. The

radon concentration including background at this location averaged

15.0 pCi/l for a 24-hr period. Indoor radon concentration aver-
aged 7.7 pCi/l at the Foote Mineral Company office 0.1l mi south

of the pile.

Five 24-hr measurements of atmospheric radon indicated an
average background concentration of 2.0 pCi/l for the Naturita

area.

1.3.1.2 Direct Gamma Radiation

The range of natural background values in the Naturita area
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was between 7 and 12 uR/hr, averaging 10 uR/hr as measured 3 ft
above ground with an energy~compensated Geiger Mueller detector.(z)
Above the surface of the tailings pile, gross gamma radiation
rates were measured as high as 780 uR/hr. Across the road at the

former ore stockpile area, gamma radiation reached a maximum of
380 uR/hr.

1.3.1.3 Windblown Contaminants

Prevailing winds in the area follow the San Micuel River
Valley and therefoss tend to be northwest and southeast winds.
Concentrations of 6Ra in surface soil samples and the EPA gamma
survey were used to determine the extent of windblown tailings.
Gamma radiation surveys indicate windblown tailings as far as 0.7
mi to the northwest of the Naturita tailings pile. Iso-exposure
lines due to residual windblown tailings are illustrated in Figure
3-10, Chapter 3.

1.3.1.4 Ground and Surface Water Contamination

Three water samples taken from the San Miguel River during
this assessment contained 226Ra concentrations ranging from 0.4
to 1.7 pCi/1.(2) These samples appeared to indicate a small,
localized contamination of the San Miguel River immediately adja-
cent to the tailings pile; however, these values are less than
the EPA Interim Drinking Water Regulation for radionuclides. (3)

1.3.1.5 Soil Contamination

The leaching of radium from the tailings extends into the
subsoil an average of 5 ft before reaching the twice average back-
ground radium concentration in the soil (1.5 pCi/g). The range
of contamination is from 3 to 6 ft beneath the tailings-subsoil
interface.

1.3.2 Remedial Action Criteria

Radiological criteria established for this engineering
assessment are divided into two general categories:

(a) Criteria applicable to structures with tailings under-
neath them or within 10 ft

(b) Criteria pertaining to the mill tailings site and open
land

The criteria utilized for habitable structures are the guide-
lines published by the Surgeon General of the United States for
use in the Grand Junction, Colorado, remedial program, These
guidelines recommend graded levels (based on yearly average val-
ues) for remedial action in terms of the external gamma radiation
(EGR) levels and of the indoor radon daughter concentration (RDC)
levels above background found within dwellings constructed on or
near uranium mill tailings. (In this usage, the word "external"
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refers to gamma radiation from sources outside the human body to
which an individual may be exposed.)

The recommended graded levels are as follows:

EGR RDCA Recommendations
Greater than Greater than Remedial action indicated
0.1 mR/hrP 0.05 WLC
From 0.05 to From 0.01 to Remedial action may be suggested
0.1 mR/hr 0.05 WL
Less than Less than No remedial action indicated
0.05 mR/hr 0.01 WL

4pased upon yearly average values from six air samples of at
least 100-hr duration taken at a minimum of 4-wk intervals

throughout the year

mR/hr = milliroentgen per hour, a measure of gamma radiation,
1 mR/hr = 1,000 uR/hr

CwL = working level, a measure of alpha radiacion from short-
lived radon daughter elements

b

The criteria for land decontamination have the cbjective of
reducing residual gamma radiation to levels which are as low as
practicable. However, topographic and economic considerations
frequently preclude complete decontaminatior. A provisional maxi-
mum of 40 uR/hr above background is used in such circumstances.
Average background in the Naturita area was determined in this
study to be 10 yR/hr. As a guideline for the land beyond the site,
if residual gamma levels are less than )0 uR/hr above background,
the land may be released for unrestricted use. Where cleanup is
necessary the radium content of the soil should be reduce:d to no
more than twice the radium backgrcund in the area. If ‘he radio-
active tailings material is stabilized in place, the rame criteria
apply but control of gamma radiation would be by an earth covering.
However, the area should be designated a controlled area, be
fenced to limit access, and be restricted as to human occupancy.
The numerical guidelines provide a basis for the engineering
assessment, but are subject to review based on the overall findings
»f Phase II.

The 226Ra content of ground and surface water should meet
applicable state and federal standards.

1.3.3 Potential Health TImpact

The gamma radiation levels are in the background range within
0.2 mi from the pile, except in the ncrth-northwest direction in
which the gamma radiation is still twice background 0.8 mi from
the pile; however, there are no inhabitants in this direction.
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The gamma exposure and the inhalation of radon daughters
from the tailings pile under present conditions account for almost
all of the dose derived from the tailings to the people living in
the Naturita area at the present time. It is very difficult to
control the movement of radon gas through porous solid cover mate-
tials. Once released from the radium~bearing minerals in the tail-
ings, the gaseous radon diffuses by the path of least resistance
to the surface. The radon has a half-life of about 4 days, and
its daughter products are solids. Therefore, part of the radon
decays en route to the surface and leaves daughter products within
the tailings piles., If the diffusion path can be made long enough,
then, theoretically, substantially all the radon and its daughter
products can be made to decay before escaping to the atmosphere.
Calculations using the techniques of Kraner, Schroeder, and
Evans (4) indicate that 13 ft of earth cover theoretically would
be required to reduce the radon diffusion from the Naturita tail-
ings by 95%.

The health significance to man of long-term exposure to radia-
tion is a subject that has been studied extensively for many years.
Since the end results of long~term exposure to low-level radiation
are usually diseases such as lung cancer or leukemia, which also
are attributable to many other causes, the determination of specif-
ic cause in any given case becomes very difficult. Therefore, the
usual approach to evaluation of the health impact of low-level
radiation exposures is to make projections from observed effects
of high exposures on the premise that the effects are linear. A
considerable amount of information has been accumulated on the high
incidence of lung cancer in uranium miners exposed to radon and
its daughters in mine air. This provides a basis for calculating
the probable health effects of low-level exposure to large popula-
tions. (The term "health effect" refers to an incidence of disease;
for radon daughter exposure, 1 health effect = 1 case of lung can-
cer.) This is the basis of the health effects calculations in this
report. It should be recognized, however, that there is a large
degree of uncertainty in such projections. Among the complicating
factors is the combined effect of radon daughters with other car-
cinogens. As an example, the incidence of lung cancer among ura-
nium miners who smoke is far higher than can be explained on the
basis of either smoking or the radiation alone.

The risk estimators used in this report are given in the
report of the National Academy of Sciences Advisory Committee on
the Biological Effects of Ionizing Radiation (BEIR report).‘S)

This report presents risk estimators for lung cancer derived from
epidemiological studies of both uranium miners and fluorspar miners.
The average of the absolute risk estimator for these two groups is:
6 cancers per year per 106 person-WLM exposure. The term WLM means
working level month, or an exposure to a concentration of one work-
ing level of radon daughter products in air for 170 hr, which is

a work-month. A working level (WL) is a unit of measure of radon
daughter products which recognizes that the several daughter ele-
ments are frequently not in equilibrium with each other nor with
the parent radon. Because of the many factors which contribute to
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natural biological variability, and of the many differences be-
tween exposure conditions in mines and residences, this estimator
(6 cancer cases per year per 106 person-WLM) is considered to have
an uncertainty factor of about 3. The relative risk estimator can
be several factors larger than the absolute risk estimator.

For the purpose of the mill tailings assessment, it was
assumed that about 50% equilibrium exists inside structures be-
tween radon and its daughter elements resulting in the following

conversion factors:

1 pCi/l of 222pn = 0.005 WL

For continuous exposure:
0.005 WL = 0.25 WLM/yr

On the basis of measurements and predictions of radon con-
centrations in excess of background values, it is caluclated that
the average pile radon-induced lung cancer risk to the population
in the area within 4 mi from the Naturita tailings site is 2 x 10-6
per person per year, or about 4 x 10~3 health effects per year in
the area. The health effect rate for background radon is approxi-
mately 8.9 x 10~5 per person per year, or about 0.17 effects per
year in the area. The average cancer risk due to all causes for
Colorado residents is 1.8 x 10-4 per person per year.(7) Within
4 mi of the pile the average lung cancer risk due to the pile is
about 1% of the cancer risk due to all causes.

The cumulative health effects over a 25-yr period were cal-
culated for three population projections. The results are as

follows:

25-yr Cumulative Health Effects 0-4 Mi from Edge of Pile

Projected Population Growth Pile-Induced RDC Background RDC

Static population 0.10 4.3

2% annual population
growth? 0.12 5.1

4% annual population
growtha 0.14 .3

aThe growth rate decreases linearly with time to zero in 25 yr.

As a result of the low population density, the low radiation
levels of the tailings at the Naturita site, and the relatively
high background radon levels, the potential health impact of the
pile is minimal for persons not working or living directly on or
adjacent to the site.
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1.3.4 Nonradioactive Pollutan.s

There are other potentially toxic materials in the tailings.
Chemical analyses of tailings samples from drill holes on the
Naturita tailings pile showed selenium at about 0.5 ppm, lead
and arsenic between 40 and 60 ppm, and chromium concentr: ‘ion
up to 3.5 ppm. Three samples of surface waters in the area sur-
rounding the Naturita tailings pile containing selenium in con-
centrations above the EPA Interim Drinking Water Standards. The
selenium content of the San Miguel River increased about 30% as
it passed the Naturita tailings pile to about 1.2 times the EPA
standard of 0.0l mg/l. San Miguel River samples both up and
downstream contained chromium at or above the EPA standard for
drinking water. However, standing water which had flowed off the
tailings did not contain any measurable chromium.

1.4 SOCIOECONOMIC AND LAND USE IMPACTS

Based on site inspection and census records, 18,366 persons
are assumed as the 1970 population base of Montrose County, and
1,914 persons are assumed to be living within 4 mi of the pile.
Calculations of population projection could be misleading because
of the area's small population base and its extreme dependence
on mining. The limited water supply, lack of potential for tour-
ism, and isolation of the area make suctained population expansion
unlikely.

Virtually all the land near the tailings pile is devoted to
low density grazing and other agricultural uses. Three residen-
tial communities are within a 5-mi radius of the pile, East Van-
corum, West Vancorum and Naturita. There are 34 occupied units
at West Vancorum, 4 occupied units at East Vancorum, and unoccu-
pied units and trailer sites at both locations. The nearest
commercial activity is at Naturita.

The assessed values of the properties near the site range
from $7.59/acre to $8.33/acre, including improvements. The Foote
Mineral Company property is listed at $28,533.33 with improve-
ments., The presence of the tailings restricts the use of the
tailinas area itself. However, the loss of grazing or crop land
is minimal and the presence of the tailings has not affected the
land use or values of surrounding property. In general, the land
surrounding the site has a market value of about $1,000/acre.

1.5 RECOVERY OF RESIDUAL VALUES

Samples of tailings obtained during this study were compos-
ited and analyzed. Data obtained from the AEC indicated the
Naturita pile contains 0.047% U30g. Using the AEC estimate, the
Naturita tailings contain 662,000 1b of U308.

There are five factors that should be employed to evgluate
‘hether reprocessing the Naturita tailings to extract reridual



uranium and other mineral values would be practicable:
(a) The amount of tailings present
{(b) Concentrations of residual values
(¢) Projected recovery
(d) Current market price of recovered values
(e) Proximity to processing mills

Based on the aforementioned criteria, reprocessing of the
Naturita tailings is economically attractive at this time.

1.6 MILL TAILINGS STABILIZATION

Present practices and technology of mill tailings stabiliza-
tion are being examined. This investigation indicates that much
research and development remains to be performed before complete
and permanent stabilization of radioactive mill tailings can be

realized.

Reasonably effective means of wind and water erosion control
are available, although they will involve continued maintenance
costs. Lining of containment areas or chemical solidification
of the tailings are possible methods for control of leaching.

Up to this time, no attempt has been made to contain radon
in a tailings pile. Although a thick earth cover is theoretically
effective, it has not actually been tried. The observed variabi-
lity of radon exhalation rates indicates that with better under-
standing of the mechanism involved, control may be possible.

The existing cover and vegetation on the Naturita tailings
have reduced tailings erosion from wind and rainfall and have pro-
vided partial control over gamma radiation, but little control
over radon exhalation. A vegetative cover has been established
on the Naturita tailings.

1.7 REMEDIAL ACTIONS AND BENEFITS

Two closely related objectives of this engineering assessment
are to identify those structures and land areas off site where
tailings are located and, based upon the Surgeon General's guide-
lines and on criteria established for this assessment, to estimate
the costs of appropriate remedial actions. Some tailings have
been transported off the site by individuals, and some by wind
and water erosion.

The remedial options at the Naturita site are limited as a
result of unique conditions existing there. Ranchers Exploration
and Development Company is responsible for removing contaminated
s0il beneath the pile under the State of Colorado license that
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was granted to Ranchers for reprocessing the tailings. Thus,
remedial action options need not consider decontamination of the
present tailings area. However, measurements of the extent of
subsoil contamination have been made and are shown in Figure 7-1,
Chapter 7. Also given in the figure are the estimated costs per
foot to remove the contaminated subsoil. The southeastern portion
of the site is under lease to General Electric Company and current-
ly contains an active ore storage area. Therefcre, decontamina-
tion of this area is not possible.

Given these conditions, two alternative remedial action
options were formulated to include decontamination of off-site
structures and windblown areas adjacent to the tailings site.
Costs are also identified for removal of the tailings and contami-
nated subsoil to another location.

1.7.1 Remedial Action for Structures (Option I)

This option includes millsite building decontamination and
remedial action at off-site structures where tailings have been
identified. A mobile scanning unit, operated by the AEC under
an interagency agreement with EPA, performed gamma radiation sur-
veys of the Naturita and Nucla, Colorado areas in 1971. Follow-
up gamma surveys of the 33 anomalies at Naturita and the 13
anomalies at Nucla found 10 tailings use locations in Naturita
and 3 in Nucla.

The cost for remedial actions at these structures under
Option I is estimated at $270,000.

An extended series of measurements, such as required in the
full application of the Grand Junction Remedial Action Criteria,
might reduce the actual number of locations included in the reme-
dial action. The locations at which tailings are on vacant lands
or are greater than 10 ft from structures were not subject to the
criteria used in Phase II, but could constitute a problem in the
future.

1.7.2 Remedial Action for Open Lands (Option II)

Option II includes cleanup of windblown contamination adja-
cent to the tailings site in addition to the remedial actions for
structures that constitute Option I. The extent of windblown
tailings is illustrated in Figure 3-10, Chapter 3. The area to
be decontaminated under this option is shown in Figure 7-2, Chap-
ter 7. The ore bvwying station on the millsite and ore storage
areas are not included in the decontamination effort because they
are currently in use.

The cost of Option II is estimated at $950,000. The costs
for moving the tailings and contaminated soil to another location
5 mi away, including site preparation, 2 ft of cover on the tail-
ings after placement, fencing, and an endowment fund for annual
maintenance are $4,500,000.
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1.7.3 Benefits

Option II and the Ranchers Exploration decontamination be-
neath the tailings would leave the site in a condition suitable
for unrestricted use; however, the presence of the ore stockpile
and ore buying station would restrict activities at the site.

Health effects from the Naturita tailings are negligible in
their present location and therefore no cost benefit analysis was
performed. Generally, remedial action on structures (Option I)
has a very favorable health benefit-to-cost ratio.

Land value of the tailings area could increase from a current
estimated $200/acre to a possible $1,000/acre for a net increase
of $18,400 for the 23 acres.
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TABLE 1-1
SUMMARY OF CONDITIONS NOTED AT TIME OF PHASE I SITE VISITS -

P ——————

Possible Tailings

Adequate Property Houses- Evidence
Cond. Cond. of Fencing, Close by Industry of Wind Water Removed Other
of Structures Mill Posting, River or w/in 1/2 Water Contami- for Pri- Hazards
Tailings on Site Housing Security Stream Mile Erosion nation vate Use On-site
ARIZONA
Monument U R N No No Yes No No No No
Tuba City U PR-UO E-O No No Yes Yes No No Yes
COLORADO
Durango T PR-UO N Yes Yes Yes Yes No Yes Yes
Grand Junction § PR-O N Yes Yes Yes No No Yes No
Gunnison S B-0O N Yes No Yes No Yes No No
Maybell S R N Yes No No No No No No
Naturita S PR-0O E-P Yes Yes No Yes Yes No No
New Rifle P M-0 N Yes Yes Yes Yes Yes No No
0l1d Rifle 5 PR-UO N Yes Yes Yes No Yes Yes No
Slick Rock (NC) s R N No Yes Yes Yes No No No
Slick Rock S R E-P Yes Yes Yes No No No No
(uce)
IDAHO
Lowman U R N No Yes Yes No No Yes No
NEW MEXICO
Ambrosia Lake U PR-0O N Yes No No Yes No No No
Shiprock P PR-0O E-O Yes Yes Yes No No Yes Yes
OREGON
Lakeview U M-U0 N Yes No Yes Yes No No No
TEXAS
Falls City P M-U0 N Yes No No No No No No
Rayv "oint P M-U0 N Yes No No No No No No
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TABLE 1-1 (Cont)

Adequate Property Houses-

Evidence Possible Tailings

Cond. Conxd. of Fencing, Close by Industry of Wind Water Removed Other
of Structures Mill Posting, River or w/in 1/2 Water Contami- for Pri- Hazards
Tailings on Site Housing Security Stream Mile Erosion nation vate Use On-site
UTAH
Green River s B-O N Yec No Yes Yes Yes No No
Mexican Hat U B-O E-O No No Yes Yes Yes No No
Salt Lake City (] R N No Yes Yes Yes Yes Yes Yes
WYOMING
Converse County U R N No No No No No Nc No
(1) s - stabilized but requires improvement (2) M - Mill intact (3) N - lone
P - Partially stabilized B - Building(s) intact E ~ Existing
U - Unstabilized. R - Mill and/or buildiros removed O - Occupied

PR- Mill and/or buildings

partially removed

O - Occupied or used

UO- Unoccupied or unused.

P - Part occuzied.

“AThis table does not neccssarily represent conditions at the present time.
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TABLE 1-2

SUMMARY OF REMEDIAL ACTION OPTIONS AND EFFECTS

Option Costl Adverse
Number ($000) Description of Remedial Action?2 Benefits Effects
270 Off-site remedial action for structures in ;B C,E, H
Naturita and Nucla G
950 Off-site remedial action for windblown tail- A,B,C,D,E
ings and ~ff-site remedial action for struc- F,G
tures

Notes

1.
2.

Costs are in 1977-value dollars.
Assumes tailings will be removed from present site for reprocessing.

Definition of Benefits

A.
B.
c.
D.
E.
¥,
G.

Gamma radiation from pile eliminated.

Radon exhalation greatly reduced.

Wind and water erosion of tailings eliminated, no maintenance required.
Windblown tailings removed.

Tailings site available for limited use.

Tailings site and area NW of tailings available for limited use.
Reduction of 2xposure to individuals in off-site structures.

Definition of Adverse Effects

H.

No reduction in gamma radiation and radon exhalation from windblown tailings.
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CHAPTER 2

SITE DESCRIPTION
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operational until it was purchased and modified by VCA in 1939 Z
to use a salt-roast water-leach process for vanadium recovery.‘*’
Process water was obtained from the San Miguel River. In 1942,
the plant process was modified again so that uranium as well as
vanadium could be extracted. At the end of World War II, the
mill was shut down. The VCA at Naturita was the first company
awarded a contract by the Atonic Energy Commission under the
uranium procurement program, and initial shipments of uranium
concentrates to the AEC began in 1947. The VCA continued this
operation until 1958, when the mill was shut down. From 1?§$ 1961
to early 1963, VCA operated an upgrader plant at the site.

The mill was shut down and dismantled in 1963, and all the equip-
ment was decontaminated. Because of extensive contamination, the
tailings launder was buried within the tailings pile. During the
period 1947 to 1963, the Naturita mill processed 704,000 tons of
uranium=vanadium ore.

The ore processed at the Naturita mill until shutdown in
1958 averaged 0.30% U30g and 1.80% V205. Ores averaging 0.25%
U30g and 1.65% V205 were processed at the upgrader from 1961 to
1963 and the upgraded material was shipped to Durango, Colorado
for further processing. These ores came from within the Uravan
Mineral Belt and from as far west as the Cottonwood Wash in Utah.
The mill owners processed ore from independent operators as well
as from company-controlled properties. All ore was trucked to
the Naturita mill.

2.5 PRESENT CONDITION OF THE SITE

The tailings are in one large convex-shaped pile. The slopes
are gentle, about a 2.5-to-1 rise, and slope towards the San
Miguel River on the east and Colorado Highway 141 on the west.

Seventeen buildings remain on the old millsite. Most could
be classified as sheds; although there is an office building, a
garage, and a warehouse. All the buildings are used either for
storage purposes by Foote Mineral Company or by General Electri:
Company, which leases some of the facilities to accommodate an
ore buying activity. The current general layout of the site,
facilities, and tailings are shown in the descriptive map of
Figure 2-3, and in a cross-section shown in Figure 2-4,

In accordance with plans prepared by Foote Mineral Company
and approved by the Colorado Department of Health, the tailings
were stabilized in the fall of 1969 and the winter of 1970. At
that time the pile was covered with a minimum of 6 in. of topsoil,
was fertilized and seeded, and a sprinkler system was installed.
The pile was sprinkled for 1 yr until the vegetation root system
was established. The irrigation system still exists but is
inoperative. The stabilization cover was insufficient to prevent
water erosion of the pile. An unusually heavy rainfall which
occurred in July 1973 washed much of the stabilization cover and
some of the tailings from the upper portion onto the lower portion



of the pile against a dike which separates the pile from

¥
river. Some parts of the dike were breached. Some tailin

been pushed back onto the pPile from the bank of the San Mi
River, and rock material has bePn used to strengthen the d
along the northeast (downriver) face of the pile near the
The site and tailings are fenced, mostly with barbed wire

2.6 TAILINGS AND SOIL (HsWACT RI%”iF’

The tailings a§pear to be wogtly finoly ground sand
very little clay. ( The east end of the pile which wdS

4s a waste pond for alumina sludge is C;)«)n-r\; an' contains

able moisture. Table 2-1 is a summary of the types, weight:

and volumes of materials present on thv site, 'he physica
1

erties and pH of a soil sample from auger hole NC-2 are qi
Table 2-2, The bulk density is 111 1b/ft3 and the pH is i

1

neutral range. Assays of composite tailings samples are st

in Table 2-3,

The tailings are located on the modern flood plain
Miguel River. There is a fine re dlsn-b rown sand beneath
tailings. These alluvial depos uulow the tail
as thick as 50 ft, consist of coa and poorly s
sands, and cobbles. Underlying t 8 alluvium are
Brushy Basin Member of the Morrison Formation,

GEOLOGY, HYDROLOGY, AND METEOROLOGY

2:.7.1 Geol 0gy

The Naturita site is located o1. the west bank of the
flood plain of the San Miquel River which flows northwestw
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through the narrow San Miguel Canyon. The river-run alluviun
i

the flood plain overlies the shales, sandstones, and congl
of the Brushy Basin Member of the Mcrrison Formation. The
rounding cliffs and mesas are formed by the sandstones
glomerates of the Burro Canyon Iwrratlcn. The strata
Brushy Basin Member were laid down by rivers and in
Jurassic time. The shale beds within the formation
barriers to the upward and downward migration of ground
but the sandstones and conglomerates are aquifers and are
by the flow of surface waters Across them,

At the millsite the strata dip 2 to 5 deg northeast.
Brushy Basin Member is 100 to 200 ft thick beneath the
and underlain by the sandstor2s and shales of the :
ber of the Morrison Formation and the mudstones of the Sun
Formation. A simplified stratigraphic column of the rock
tions is shown in Figure 2-5,
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intermittant streamn which drains the waters hed west and northwest
of the tailings. This stream enters the river 200 ft downstream
of the tailings. Another intermittant stream drains the canyon
south of the tailings, and crosses beneath Colorado Highway 141
via a 30-in. corrugated metal culvert. This stream is directed
to the west by an earthen dike which intersects an 1d irrigation
ditch. This ditch proceeds to the west, crosses back under the
highway then parallels fho highway to where it 1ntorsocte a natu-
ral drainage channel immediately northwest of the pile. During
severe runoff conditions, such as after a thunderstorm, canyon
drainage 1is not diverted to the west at Highway 141 LuL crosses
onto +he millsite and flows northeast across the property into
the San Miguel River. The ditch which bounds the southwestern
side of the pile has been breached in two places and has allowed
waters to flow onto the pile. Water also flowed across the
northwestern corner of the pile and has colle -ted on the northern
e of the pile near the river.

The San Miguel River originates \ the San Juan Mountains
near Telluride and drops rapidly to 1its onfluence with the
Dolores River 20 mi downstream from Naturita. In the vicinity

)ile, the river is contained wi hin a relatively narrow
on a 400-ft-wide flood plain h has been narrowed to
the pile. The northeastern edge © he > parallels
ver. At the closest, the p > lies wat n 15 £t of the
river bank and at most lies 50 ft om it. The slope of the pile
-ises gently 40 ft to the base o ' highway to the west of the

mh

s
i -l
pile. There is no flood plain alc the eastern bank of the

river. An intermediate regional e 100-yr flood) and more
severe floods would inundate the tailings. (1,4) Riprap protects
the tailings to a river crest of ft, but a peak stage height

of ls ft is projected for the river at the tailings area. 1In
addition, the artificial narrowing of the flood plain will cause
flow velocities to be two to four times faster -han up or down-
stream from the pile, Flood waters removed Tz ilings materials
from the site before the riprap barrier was e ablished along the
river bank.

‘4“\;0'v! in portions

ff the site
" Ffoacr

.

tailings lie
sparated by approximate
Basin Member of the Morrison

been done to identify




Naturita area. Potential aquifers consist of the sandstone lenses
within the Brushy Basin and Salt Wash Members of the Morrison
Formation, and the sandstones of the Entrada Formation which are
approximately 500 ft below the pile. These aquifers are recharged
by precipitation and by surface waters as they flow across out-
crops. The general gradient of confined ground water flow is to
the northeast of the pile. Thus, the aquifers of the Morrison
Formation are recharged in the Naturita area. The Summerville
Formation separates the Morrison Formation from the Entrada For-
mation and prevents downward migration of waters. The Morrison
Formation is the host rock for much of the uranium mining in the
area and is not tapped as an aquifer.

The unconfined aquifers in the Naturita area consist of
waters within the flood plain deposits. Except during flooding
season the water table lies 3 to 10 ft below the tailings-subsoil
interface. During an intermediate regional flood or a more severe
flood, the water table would rise within the alluvium and tail-
ings. Ground waters flowing through the tailings during flood
stages, and ground waters at normal levels could be contaminated
by waters leaching through the pile. The disposal area for the
slimes within the southern corner of the site has never totally
dried out,

Within a 2-mi radius of the tailings there are four wells as
shown in Figure 2-7. The three alluvial wells are all hydrauli-
cally upgradient of the pile and there is no potential for con-
taminating these wells or the bedrock well. Any migration of
contaminants would be downstream and downgradient from the pile
or in confined aquifers northeast of the pile. The Naturita sew-
age plant is located adjacent to the San Miguel River between the
town and the tailings and would further discourage use of water
at the pile for domestic purposes. Downstream from the pile,
river water is used for irrigation; further downstream, river
water is used for culinary purposes at isolated farm houses.

2.7.4 Meteorology

High=intensity rainfall such as thunderstorms can be expec-
ted in the !laturita area. These storms have causcd physical
erosion of the tailings. Average annual precipitation at Naturita
totals about 11 in. Large rainstorms occur usually from May
through October. A rainfall of 6-hr duration totalling 1.1 in.
has a probability of occurring once in five seasons. (5 A high-
intensity cloudburst at the site in the canyons above the site
would result in erosion of cover and tailings materials.

Very little direct information exists regarding the fre-
quency, duration, and intensities of winds in the immediate vicin-
ity of the tailings. The weather data for the area have been
gathered at the Hopkins-Montrose County Airport 2.5 mi west of
the site and north of the narrow valley which controls the winds
at Naturita. The strongest winds are those which blow up or down
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the valley as depicted in Figure 2-8. A wind rose from the
Hopkins-Montrose County Airport is given in Figure 2-9. The wind
records from the airport indicate a predominance of winds from
the southwest quadrant., Valley winds tend to carry material
northwest and, to a lesser extent, southeast of the site.
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TABLE 2-1

TAILINGS SITE MATERIALS

Material Volume (Yd3) Weight (Tons)*
Tailings 521,000 704,000
Debris and Rubble 5,000 8,000
Stabilization Cover 16,000 22,000
Total 542,000 734,000

*Weight based on average existing densities which contain moisture

TABLE 2-2

PHYSICAL PROPERTIES AND pH OF THE TAILINGS

& Moisture Bulk Density pH
Sample Location (%) (1b/ft3) (5% water by wt)
NC - 2 Comp 0.70 111.0 6.70

0.0 - 5,0 £t

4see Figure 2-3 for location
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CHAPTER 3

RADIOACTIVITY AND POLLUTANT IMPACT ON THE ENVIRONMENT

The principal objective of the assessment in this chapter is
to determine the magnitude and characteristics of the radiation
emitted from the Naturita uranium tailings pile and the resulting
potential exposure to the population residing and working in the
vicinity of Naturita, Colorado. In addition, this chapter de-
scribes briefly the potential radioactive and chemical pollutants
and their pathways in the environment. The notations and abbrevi-
ations used are given in Table 3-1.

3.1 RADIOACTIVE MATERIAL CHARACTERISTICS

Many elements spontaneously emit subatomic particles; there-
fore, these elements are radioactive. For example, when the most
abundant uranium isotope, 238y undergoes radioactive decag, it
emits a subatomic particle called an alpha particle; the 238y
after undergoing decay becomes 234Th, which is also radioactive;
and 234Th subsequently emits a beta particle and becomes 234Pa.

As shown in Figure 3-1, this process continues with either alpha
or beta particles being emitted, and the affected nucleus thereby
evolves from one element into another. It is noted in Figure 3-1
that 230Th decays to 226Ra, which then decays to 222Rn, an isotope
of radon. Radon, a noble gas, does not react chemically. The
final product in the chain is 206pb, a stable isotope that gradu-
ally accumulates in ores containing uranium. Uranium ore contains
bRa and the other daughter products of the uranium decay chain.
One of the daughters of 226Ra is the isotope 214Bi, which emits
a significant amount of electromagnetic radiation known as gamma
radiation. Gamma rays are very similar to X-rays, only more pene-
trating. The 214Bi is the principal contributor to the gamma
radiation exposure in the uranium-radium decay chain,

Besides knowing the radioactive elements in the decay chain,
it is also important to know the rate at which they decay. This
decay rate, or activity, is exgressed in curies (Ci) or picocuries
(pCi), where 1 pCi equals 10-12 Ci or 3.7 x 10-2 disintegrations
per second. The picocurie often is used as a unit of measure of
the quantity of a radiocactive element present in soil, air, and
water.

Another important parameter used in characterizing radio-
active decay is known as the "half life", Tj;,2. This is the time
that it takes for half of any initial quantity of the radioactive
atoms to decay to a different isotope. For example, it takes
4.5 x 102 yr for half the 238U atoms to decay to 234Th, similar-
ly, half of a given number of 222Rn atoms will decay in 3.8 days.

The activity and the total number of radioactive atoms of
a particular type depend upon their creation rates as well as

3-1



their half life for decay. If left undisturbed, the radioactive
components of the decay chain shown in Figure 3-1 all reach the
same level of activity, matching that of the longest-lived initi-
ating isotope. This condition is known as secular eguilibrium.
When the uranium is removed in the milling process, 30rh, which
is not removed, becomes the controlling isotope. After processing
the ore for uranium, the thorium, radium, and other members of
the decay chain remain in the spent ore solids in the form of a
waste slurry. The slurry is pumped to tailings ponds. The sands
and slimes that remain constitute the tailings piles. Generally,
as at Naturita, the slimes constitute only 20% of solid waste

material, but they may contain 80% of the radioactive elements of
major concern: radium, and its daughters.

3.2 RADIATION EFFECTS

The radioactive exposure encountered with uranium mill tail=-
ings occurs from the absorption within the body of the emitted
alpha and beta particles, and gamma radiation. The range of alpha
particles is very short; they mainly affect an individual when
the alpha emitter is taken internally. Beta particles have a much
lighter mass than alphas, and have a longer range; but they still
cause damage mainly to the skin or internal tissues when taken
internally. Gamma rays, however, are more penetrating than X-rays
and can interact with all of the tissue of an individual near a
gamma-emitting material.

The biological eif:cts of radiation are related to the energy
of the radiation; therefore. exposure to radiation is measured in
terms of the energy deposited per unit mass of a given material.
In the case of radon and iis daughter products, the principal
effect is from alpha particles emitted after the radon and its
daughter products are inhaled.

The basic units of measurement for the alpha particles from
short-lived radon daughters are the working level (WL) and the
working level month (WLM). The working level is defined as any
combination of the short-lived radon daughters in a liter of air
that will result in the ultimate emission of 1.3 x 105 MeV of
alpha energy. The working level is so defined because it is a
single unit of measure, taking into account the relative concen=
trations of radon daughter products which vary according to fac-
tors such as ventilation. One WLM results from exposure to air

containing a radon daughter concentration (RDC) of 1 WL for a dura-
tion of 170 hr.

The basic units of measurement for gamma radiation exposure
and absorption are the roentgen (R) and the rad. One R is equal
to an energy deposition of 88 ergs/g of dry air, and 1 rad is the
dose that corresponds to the absorption of 100 ergs/g of material.
The numerical difference between the magnitude of the two units
is often less than the uncertainty of the measurements, so that
exposure of 1 R is often assumed equivalent to an absorbed dose
of 1 rad or a gamma dose of 1 rem.



3.3 NATURAL BACKGROUND RADIATION

There are several sources of radiation that ocecur naturally
in the environment. Natural soils contain trace amounts of ura-
nium, thorium, and radium that give rise to radon gas and to
alpha, beta, and gamma radiation. The average backyround value
in 18 off-site soil samples for each member of the uranium decay
chain, assuming equilibrium, was 1.5 pCi/g.(l) The sample loca-
tions taken within a 130-mi radius of Naturita and the correspond-
ing 226Ra concentrations are shown in Figure 3-2., No previous
measurements are available for the area. Another natural source
of radiation in the environment arises from the decag of 2327h,
the predominant thorium isotope. The half-life of 232Th is
1.4 x 1010 yr. It is also the parent of a decay chain containing
isotopes of radium and radon. The average background value in
the same off-site samples for each member of the thorium decay
chain, assuming equilibrium, is about 1.1 pCi/g of soil. Table
3-2 lists the major background radiocactive sources. It is noted
that background values of the radium and thorium chains vary with
locations by factors of 6 and 14, respectively.

Background values of radon concentrations were measured at
five locations using continuous radon monitors supplied by ERDA(2)
and are shown in Figure 3-3. An average background value of 2.0
pCi/1l was obtained from the 24-hr samples in the vicinity of the
Naturita tailings pile. However, the range of the measurements
extends from 1.0 to 3.2 pCi/l.

Background gamma ray levels, as measured 3 ft above the
ground, also were determined at several locations within 1 mi from
the site by using a calibrated and energy compensated Geiger
Mueller detector. A value of 10 uR/hr was established as the
average background level, but the values ranged from 7 to 13
uR/hr. (1 Cosmic rays are part of the radiation levels. The con-
tribution from cosmic rays is generally dependent upon the alti-
tude and is approximately 7 uR/hr in the Naturita area, or
approximately 70% of the measured average background value.

3.4 RADIATION EXPOSURE PATHWAYS AND CONTAMINATI MECHANISMS

As noted previously, the principal environmental radiological
implications and associated health effects of uranium mill tail-
ings are related to radionuclides of the 238y decay chain: pri-
marily 230Th, 226Ra, 222Rn, and 222Rn daughters. Although these
radionuclides occur in nature, their concentrations in tailings
material are several orders of magnitude greater than in average
natural soils and rocks. The major potential routes of exposure
to man are:

(a) Inhalation of the 222Rn daughters, from decay of

(l)See end of chapter for references.
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222gy escaping from the pile; the principal expo-
sure hazard is to the lungs.

(a) External whole-body gamma exposure directly from
the rgd%onuclides in the tailings pile (primarily
from ¢414Bi) and in surface contamination from tail=-
ings spread in the general vicinity of the pile.

(¢) Inhalation of windblown tailings; the grimary
hazard relates to the alpha emitters 230Th and
226Ra, each of which causes exposure to the bones

and the lungs.

(d) Ingestion by man of ground or surface water con-
taminated from either radioactivity (primarily from
226Ra) leached from the tailings pile or from
solids physically transported intc surface water.

(e) Erosion and removal of tailings material from the
pile by flood waters or heavy rainfall; this can
create additional contaminated locations with the
same problems as the original tailings pile.

(f) Physical removal from the tailings pile also pro-
vides a mechanism for contamination of other loca-
tions.

(g) Contamination of food through uptake and concentra-
tion of radioactive elements by plants and animals
is another pathway which can occur; however, this
pathway was not considered in this assessment.

The extent of radiation and pollution transport from the
tailings into the environment is discussed in the following para-

graphs.

3.4.1 Radon Gas Diffusion and Transport

Field measurements of the radon exhalation flux from the
tailings using the charcoal canister technique(4) are listed in
Table 3-3. The current values range from 763 to 2540 pCi/mz-s on
the tailings pile. The canisters were placed on the pile for
4 hr on May 10, 2 days after a rainfall. The soil on the surface
was dry, but the cover material was slightly moist below the sur-
face. In general, reported values of radon flux vary consider-
ably from time to time at a single sampling location due in part
to differing moisture, soil, and climatological factors, to major
changes in pile configuration between different locations, and
to the difficulty of performing such measurements.

Radon gas above background, considered to be from the pile,
has been detected at a distance of 0.4 mi from the site. Measure-
ment locations and corresponding 24~hr average randon concentra-
tions are illustrated in Figure 3-3. The average background radon
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concentration was 2,0 pCi/l and the radon concentration measured
above the pile was 252 pCi/l. 1In general, the radon concentra-
tions measured downstream from the pile near the river were high=-
er than expected from the pile. These elevated readings could

be due to radioactive materials i. and near the riverbed.

Variations in radon concentration at two locations during
the measurement period and the existing weather conditions are
shown in Figures 3-4 and 3-5. The sample location for Figure 3-4
i3 at a bridge 0.9 mi north-northwest of the tailings pile. Fig-
ure 3-5 illustrates the measurements 3 mi northwest of the tail-
ings site. A diurnal variation of 222Rn concentration is evident
in both figures, indicating the presence of a source of 222Rn
greater than background near the measurement locations. Thus,
the higher-than-normal background values are not merely the result
of a high instrument background count. The location of the tail-
ings pile in the San Miguel Canyon resulted in channeling of the
radon and higher radon concentrations at the sampling locations
in the canyon. These 24-hr measurements were obtained during
atmospheric conditions normal for that time of year (May). Data
were not recorded during wind or rainstorms.

Radon concentration measurements taken during this program
generally indicated increased concentrations during the night,
with reduced values during the day. The increase in concentration
is probably the result of an inversion condition and reduced wind
velocities. High winds tend to disperse the radon and generally
do not result in significantly higher measurements of radon con-
centration downwind from the tailings piles.

The radon concentration measurements are plotted in Figure
3-6 as a function of distance from the edge of the tailings pile.
Also shown in the figure are the FB&DU model results. Model calcu-
lations were performed with annual meteorology data to provide an
additional estimate of the radon concentration in the vicinity of
the pile. The FB&DU model first determines radon flux and the
total radon releases from the pile with diffusion theory using
radium soil concentrations, and pile configurations deduced from
the drilling and survey data. Then, the radon transport off-
pile is calculated by Gaussian diffusion(6) plus wind drift con-
ditions. Meteorology data were obtained for the San Miguel Canyon
from a portable weather station during the period of the test
as well as annual data from the Nucla Airport for 1971 and 1972.
Since the Naturita pile is in a well-defined valley, and the air-
port is on a plateau above the town, the surface wind direction
frequencies at the airport are not representative of the pile.
The surface wind direction frequencies were modified to reflect
higher directional probabilities up and down the canyon, as is
the case due to diurnal wind direction characteristics. This
modification resulted in a conservative meteorology prediction
for Figure 3-6.
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From the maximum model result, a best estimate curve of radon
concentration-versus-distance was formulated for the Naturita
tailings pile. Radon concentration data collected in the vicinity
of the tailings pile are due to other sources (e.g. mines, ore
stockpile) as well as the tailings. Consequently, the radon con-
centration measurements are above those predicted by the model
for the tailings pile alone. This best estimate curve is shown
in Figure 3-6. This curve was used to calculate potential health
effects resulting from radon diffusing from the Naturita tailings.

3.4.2 Direct Gamma Radiation

The external gamma radiation (EGR) levels measured on the
tailings pile and stockpile areas are shown in Figure 3-7. These
measurements include background and were taken with calibrated,
energy compensated Geiger Mueller detectors. (1) The highest-gamma
radiation rate (780 uR/hr) was measured on the western edge of
the tailings pile. Gamma measurements on the pile ranged from
66 to 780 uR/hr. 1In the former stockpile area across Colorado
Highway 141, gamma radiation ranged from three times background

(36 uR/hr) to 380 uR/hr.

Gamma rate measurements away from the tailings pile, taken
at 100-yd intervals, reached background levels at less than 0.2 mi
to the northeast and southwest of the site. Along the San Miguel
River Valley, where the wind has carried tailings, background
levels of gamma radiation were rea-hed at a distance of 0.3 mi in
the southeasterly direction. In the rorth-northwesterly direction
the gamma radiation was still two times background at 0.8 mi; how-
ever, the gamma radiation in this direction beyond 0.3 mi is main-
ly caused by sources other than the tailings pile (e.g. natural
surface deposits, spilled ore, tailings and mill stack contamina-
tion). These gamma radiation rate measurements are shown in Fig-
ure 3-8. The reduction of gamma radiation as a function of
distance from the pile is shown in Figure 3-9.

3.4.3 Windblown Contaminants

Another pathway is the result of windblown tailings. Pre-
vailing winds follow the river valley and are therefore from the
northwest and southeast.

Figure 3-10 shows iso-exposure lines due to residual wind-
blown tailings as determined by EPA.(6) If scattered tailings
and ore are removed from inside the 40 uR/hr line (toward the
pile), and if the pile is removed or covered to provide essential-
ly complete gamma shielding, then the remaining tailings outside
the line (away from the pile) would produce a new gamma exposure
rate, 3 ft above ground, approximately equal to 40 uR/hr.

Surface and subsurface soil samples were taken in the area

surrounding the tailings.(l) The sample locations and 226Rra con-
centrations are shown in Figure 3-11. The data show levels of
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surface contamination to the southeast and higher levels to the
north-northwest of the tailings pile. This scattering of tailings
was also shown in the EPA study, in which the background level
contour was not closed in the northern or southeastern directions.
A soil sample taken 800 yd north of the site contains 60 times

the average background concentration of 226Ra. Another sample
taker 1600 yd north-northwest of the pile contained 20 times the
averaje background level of 226Ra activity, While these surface
sampl :s were taken in the vicinity of the tailings pile, they

did rot appear to be windblown tailings. The high concentrations

were probably due to spilled ore along the highway or to mill
stack contamination.

No air particulate measurements were performed at the
Naturita site.

3.4.4 Ground and Surface Water Contamination

Three water samples were taken from the San Miguel River in
the vicirity of the Naturita tailings pile. A sample of uncon-
fined grcund water was taken from a drill hole and two samples
were taken from standing water which had run off the tailings pile
following a rainstorm. The 226Ra concentration in these samples
is shown in Figure 3-11.(1) An auger hole was drilled between
the tailings pile and the river near the southeastern corner of
the tailings pile. From this hole, unconfined ground water con-
tained 0.22 pCi/l. The river sample taken upstrsgm from the tail-
ings contained 0.45 pCi/l, about one=-fourth the bRa contained
in the sample taken immediately downstream from the tailings (1.70
pCi/l). Another sample, which contained 0.40 pCi/l, was taken
1l mi downstream from the tailirgs pile. The two samples of sur-
face water obtained from water running off the tailings pile con-
tained 4.4 and 8.6 pCi/l. Frem these data it appears that the
tailings do cause some local contamination of the San Miguel River;
however, the level of contamination is considerably below the EPA
Drinking Water Regulations and does not appear to be a major 226Ra
radiological health hazard. The quality of the San Miguel River
with respect to 226Ra was monitored from 1961-1970. Average 226Ra
level during this period upstream from the tailings was 0,06 pCi/l
and the average downstream was 0.17 pCi/l.(7)

3.4.5 Soil Contamination

The amount of 226Ra activity in the tailings and the extent
of leaching of radium from the tailings into the soil we;e'deter-
mined by drilling auger holes around the edges of the tailings
and into the soil beneath them. The radioactivity profile was
measured in these holes with a Geiger tube probe with a lead
shield that collimates the radiation. Soil samples also were
taken from selected holes for radiometric analysis. The loca-
tions of the auger holes (labeled NC) are shown in Figure 2-3,
Chapter 2.
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Concurrently with the field work of this study, Ranchers
Exploration and Development Company completed extensive soil bor-
ing of the pile for their own evaluation. These holes were also
logged as part of the present work, but in most cases gamma meas-
urements at the bottom of the holes did not reach background
values. The locations of these holes (labeled NR) are shown in
Figure 2-3, Chapter 2.

Typical 226Ra activity profiles in the Naturita tailings and
subsoil are shown in Figures 3-12 and 3-13., Figure 3-12 illus-
trates the 226Ra profile at hole NC-2, located west of the tail-
ings pile outside of the fence where eroded tailings cover the
surface to a depth of about 4 ft. Sample analysis of the subsoil
indicates radiocactive contamination amounting to two times the
average background value at 5 ft below the originail surface, (1
Three auger holes were drilled along the riverbank of the San
Miguel River, adjacent to the east fenceline of the tailings pile.
Figure 3-13 illustrates the radiometric profile of one of these
auger holes, NC-4, Although tailings were not identifiable in
the muddy material, the activity levels are very high for surface
contamination. The 226Ra concentration reached twice the average
background level about 8 ft below the surface. At hole NC=-3, a
4-in.-thick layer of tailings was found 1 ft beneath the surface
and 226Ra concentration was four times the average background lev-
el 3 ft below the surface. These tailings are the remnant of the
tailings washed off the pile during heavy rainstorms mentioned
in Chapter 2. Slight contamination to 3 ft below the surface was
measured in hole NC-1 outside the northwest fenceline. The range

of contamination is from 3 to 6 ft beneath the tailings subsoil
interface.

3.4,6 Off-Site Tailings Use

Some of the uranium tailings have been moved physically from
the site and used as fill material under and around structures in
Naturita and Nucla. These locations have been identified by a
mobile survey and by follow-up gamma surveys of individual loca-
tions in 1976. The locations and survey results are discussed in
Chapter 7 where remedial action is considered. The locations at
which tailings are on vacant lands or are greater than 10 ft from
structures were not subject to the criteria used in Phase II, but
could constitute a problem in the future.

3.5 REMEDIAL ACTION CRITERIA

Rediological criteria established for this engineering assess-
rent for possible remedial action applicable to uranium mill tail-
ings ar2 divided into two general categories: criteria applicable
{0 structures with tailings underneath them or within 10 ft,
and critesia pertaining to the mill tailings site and open land, (9)
Coniee of the complete documents establishing these criteria are
presented in Appendix A. Also given in Appendix A are the Grand
Junction Remedial Action Criteria for structures (10CFR712).
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The criteria which apply to the structures are the uidelines
published by the Surgeon General of the United States. (8] These
guidelines recommend the following graded levels for remedial
action in terms of the EGR levels and indoor RDC levels above
background found within the dwellings constructed on or near ura-
nium mill tailings:

EGR, mR/hr RDC*, WL Recommendation

Greater than Greater than Remedial action indicated

Dsd 0.05

From 0.05 to From 0.01 Remedial action may be suggested
8 | to 0.05

Less than Less than No remedial action indicated
0.05 0.01

*Based upon yearly average values from six air samples of at least
100-hr duration taken at a minimum of 4-wk intervals throughout
the year.

The radiological criteria for decontamination of inactive
uranium millsites and for open areas are based upon EGR readings
above background, measured 3 ft above ground. Decontamination
should result in residual exposures that are as low as practicable.
For this assessment the following criteria were used:

(a) For the tailings pile:

(1) Tailings should be covered so that residual gamma
ray levels do not exceed 0.040 mR/hr above back-
ground. The area also should be designated a
control area with restricted access.

(2) Where the site is not considered suitable for long-
term stabilization, remove so that residual radium
concentration in the soil dcos not exceed twice
background values.

(b) Windblown tailings in open land areas near to or adja=-
cent to the site:

(1) If gamma levels are less than 0.010 mR/hr above
background, the land may be released for unrestrict-
ed use.

(2) If gamma levels exceed 0.010 mR/hr above background,
cleanup should reduce the radium soil concentration
to no more than twice background.

(3) If tailings removal is not practicable, residual

3-9



[‘()lvli

1.6

An a
of the
Ln

(a)

NTIAL
ssessment
tail
paragraph
each pathway

gamma 1

exceed 0,040 mR/h backgr

HE JALTH IMPAC

M A
4

5 a
of the p«

nmental
ummary

been made
ings pile. The six envirc
3.4 were evaluated. A s

is presented below:

has

- {'.J'\‘l‘
most
estl

ation

inhalation of
constitutes

Radon Diffusion
radon diffusion
way and resu in the largest
dose. (1:,10) Elevated concentr

0.4 mi from the tailings pi

the

lts
1
A e

rad

External Gamma Radiatlo
ground 1s measurable to
northeast and southwest
inhabitants. People
exposure until the pile
rial to reduce the gammea
local population within
evaluated and found to
ared with exposure f£

gamma
ances up

pile,

di
OF &

sit
cover

rew on e

18 W
radiatic

0.3 mi

have negl

rom radon

k{)

4,1

comp:

Airborne - limited, dir

;7:1 Fic
habited
«1(':‘# ion
of the

1180

Activity the

AKTi";\Tl.;lt;ws of windblown
areas indicates that direct
of tailings particles may be
total population dose. Thi
rup(\rhxi at other uranium tail
Added abilization of the Naturit
wind erosion would eliminate the gra
of tailings off site, rticular

southeast if the lings not

the pa

were m

tal

. 1r 1
- TNe LOW

Water Contamination 226p,
oFf-site surface water indicates sli
nation from the tailings, as

since 1961.

1(,".1k
beneath
in some areas.

‘ant contami

imination =
the ground
considerable
1r.\i..- signifa
however.

Conte

"wr,)

mi
ne t)A
ate nati
Wi ‘I"

al - tailings which ha
used in its construct
levels and radon daug
in the structure. Radiation sur
living or working 1n ("m:' struct

cant. (! or detai ls,; ref to Chapter

Physical Remov
a structure oOr
elevat nd q amma

expo

o

n daughters

will

ings piles. (11,1

100N 1

ures

O Uun«

impact
scribed
of

from
significant path=-
ited population

were measured to

1ation

t0 0.4

an area
receive gamma

ith sufficient mate-
Exposure to the

the pile has been

le health i1mpact

iughters.

above back=-
mi1 to the
with

some

v v
Vel Y

of

ectional ) f
tailings t ward 1
inhalation or in-

a minor componen

is a general resu
)

spread

Bl

-
1%

against
mulation
north and

tailings
dual acc
ly to the

moved.

vity
22bRa

by

in nearby
contami-

measurements

34|
t

:h
i
A

nec

radicactive mate-

le and at the mill-
Water analyses do
n fre this p

om §8 0 0y

placed near
sources for
ations

been
are
CONCe
individi
signifi

ve
10N
hter
g TO
can

1+)

ntr




Only the potential health effects from the inhalation of
radon daughters (pathway a) are estimated quantitatively in this
assessment because this pathway constitutes the most significant
pathway.(10,12)  purthermore, it is assumed that the uncertainty
in the estimates of the potential health effects from this pathway

far exceeds the magnitude of the health effects from the other
pathways.

It is extremely difficult to predict with any assurance that
a specific health effect will be observed within a given time
after chronic exposure to low doses of toxic material. Therefore,
the usual approach to evaluation of the health impact of low-level
radiation exposures is to make projections from observed effects
of high exposures on the basis that the effects are linear, using
the conservative assumption of no threshold for the effects. The
resulting risk estimators also have associated uncertainties due
to biological variability among individuals and to unknown con=-
tributions from other biological insults which may be present
simultaneously with the insult of interest. No synergistic ef-
fects are considered explicitly in this analysis. For the purpose
of this engineering study, lung cancer is the potential health
effect considered for RDC. The health effects were estimated
using both an absolute and a relative risk model.

3.6.1 Assumptions and Uncertainties in Estimating Health Effects

Since radiation exposure from 222Rp daughters is expressed
in terms of working levels (WL) and working level months (WLM),
total population exposures as well as health risk estimates are
based upon these units, i.e. person-WLM. Exposures and resulting
health effects often are expressed in terms of rems; however,
estimates of the WLM-to-rem conversion factor for internal lung
exposure to alpha particles from 222Rn daughters vary by over an
order of magnitude. Presently, there are significant differences
of opinion related to the choice of an appropriate conversion
factor. Consequently, disagreements of calculated health effects
from RDC occur when these effects are based on the rem.

The absolute risk estimator used in this assessment is that
given in the report of the National Academy of Sciences Advisory
Committee on the Biological Effects of Ionizing Radiation (BEIR
report).(13) This report presents risk estimators for lung cancer
derived from epidemiological studies conducted on two groups of
miners, namely:

3 cancers per year per 106 person-WLM exposure
for uranium miners

8 cancers per year per 106 person-WLM exposure
for fluorspar miners

Therefore, the average of these two values was chosen as the risk
estimator for use in this study. This estimator then is:
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6 cancers per year per 106 person-WLM exposure

A dose from a given ingestion or inhalation of radionuclides
varies widely due to differences in age (infants-adults), physical
size, etc. This and other components of natural biological varia-
bility which exist among members of any given population, as well
as the differences between exposure conditions in residences and
mines, give rise to an uncertainty on the order of a factor of

3 in this parameter.

The commitment, then, of 6 cancers per year has a statistical
basis and relates to a total population exposure of 106 person-WLM.
If a cancer does occur it likely will be evident during the 30-yr
period following the initial exposure and latency period.

When the exposure is continual over an individual's lifetime, this
commitment is cumulative and the risk per year increases to an
ultimate value of 6 times 30, or:

180 effects per year for 30 x 106 person-wLM
total cumulative exposure

This mathematical expression also can be interpreted in terms
of the average annual risk to an individual per unit of exposure.
For example, an individual with a continuous exposure of 1 WLM
annually has about a 2 x 10-4 probability each year of developing
lung cancer from this exposure. Several investigations have been
reported recently concerning the association between lung cancer
inciderce and RDC exposures in miners, (14,16,17) These investi-
gations yielded risk estimator values consistent with the risk
estimator used in the present assessment. The relative risk esti-
mator can give a value several factors larger than the absolute

risk estimator.

For the purposes of this assessment, equivalent working
levels inside structures are determined from the radon concentra-
tion assuming a 50% equilibrium condition. This yields the fol-
lowing conversion factor:

1 pCi/1 of 222Rn = 0,005 WL

It is assumed that the component of indoor radon concentra-
tion due to radon exhaled from the piles is equal to the corre-
sponding outdoor concentration component at that point. However,
the concentration of radon daughters is higher indoors owing to
reduced ventilation and to other sources of radon, such as build-

ing materials.

The exposure rate in terms of WLM/yr can be obtained ffgg
a continuous 0.005 WL concentration (equivalent to 1 pCi/l Rn
concentration) as follows:

(0.005 WL) (8766 hr) [ 1 WLM ] = 0.25 WLM
yr I WL (170 hr) yr
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The risk estimator(13) ysed for continual exposure to gamma
radiation is:

100 effects per year for 10° person-rem
continuous exposure to gamma radiation

In thig assessment it is assumed that a gamma exposure of
1 R in air is equivalent to a dose of 1 rem in soft tissue.

3.6.2 Health Effects

The best-estimate curve of radon concentration-versus-~dis-~
tance (Figure 3-6) is used to determine the health effects due to
radon from the Naturita pile. First, an indoor raden daughter
concentration is deduced from the outdoor radon concentration
curve using the conversion factor 1 pCi/l of 222Rn outside equals
0.25 (WLM/yr) inside, then, the resulting RDC distribution is
multiplied by the risk estimators given previously to yield the
health effect risk per person as a function of distance from the
pile. The estimated annual radiation-induced lung cancer risk
due to the pile is given in Figure 3-14 as a function of distance
from the edge of the pile for prolonged continuous exposure. The
curve shown in the figure represents the estimated annual radia-
tion-induced risk from the Naturita tailings pile plus the average
lung cancer risk p?f year from all causes for residents of the
State of Colorado. (19

Health effects from total population RDC exposures for the
area within 4 mi from the perimeter of the tailings pile are
obtained by multiplying the health effect risk per person from the
curve given in Figure 3-14 by the population distribution as a
function of distance from the pile. The results are given in
Table 3-4. Annual lung cancer events are calculated using esti-
mated population data for 1973. There were at that time 1,900
persons living within 4 mi of the perimeter of the tailings pile,
and it has been assumed that no growth has occurred since that
time.

Health effects were determined for both a yearly and cumu-
lative basis. Three population predictions were used: static,
2%, and 4%. The 2% and 4% rates were decreased linearly such that
zero growth was attained after 25 yr.

The health effect values are obtained by converting the
appropriate radon concentrations in the area within 4 mi of the
tailings pile to an equivalent WLM/yr and multiplying it by 180
effects per year per 106 person-WLM and by the popuiation, If
the relative risk estimator is used, the health effects estimates
are correspondingly larger than the ones given in Table 3-4. The
uncertainty in the health effects estimation is about a factor of
4.

The 25-yr cumulative health effect values shown are qui;e
low, even for the 4% population growth. The highest cumulative
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health effect value is 0,14 effects in 25 yr for the 4% population
growth case. The health effects calculated are due only to pile
radon. There are numerous other sources of radon in the area, as
evidenced by the relatively high background values. There is
substantial mining activity which indicates the presence of ore.
In view of the high background health effect values, the Naturita
tailings pile is not a significant health hazard. The predicted
pile health effects are only about 2% of those due to background
radon.

3.7 NONRADIOACTIVE POLLUTANTS

The tailings pile contains other potentially toxic materials.
Chemical analyses of tailings samples from auger holes in the
Naturita tailings pile showed arsenic and lead in concentrations
between 40 and 60 ppm. Selenium and chromium concentrations
measured 0.5 ppm and 3.5 ppm, respectively. Vanadium was present
in concentrations as high as 3,000 ppm.

Four water samples were taken from the Naturita tailings pile
and vicinity and chemically analyzed. The locations of these
samples are shown in Figure 3-11. Samples A and C were obtained
from the San Miguel River 100 yd upstream and 100 yd downstream
from the pile, respectively. Samples B and D were taken from
standing water in a ditch along the northern edges of the tailings
pile.

All of these water samples, except sample A from the San
Miguel River, contained selenium above the EPA Interim Drinking
Water Regulations, as seen in Table 3-5. The selenium content
increased about 30% in the San Miguel River as it flowed by the
Naturita tailings pile to about 1.2 times the EPA standard of 0.0l
mg/l. River samples both up and downstream from the tailings con-
tained chromium at or above the EPA standard for drinking water.
Standing water which had flowed off the tailings did not contain
measurable amounts of chromium.

Standing water north of the tailings pile contained higher
than acceptable levels of arsenic, lead, and selenium; however,
the San Miguel River samples did not indicate an increase in the
arsenic and lead as the river flowed by the pile.
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TABLE 3-1

NOTATIONS AND ABBREVIATIONS USED IN CHAPTER 3

%

Isotope - A particular type of element, differing by
nuclear characteristics, identified by the
atomic mass number given after the element
name, e.g. radium-226.

Isotope Abbreviations:

238, . yranium-238
23401 = Thorium-234
232

Th = Thorium=-232

234Pa = Protactinium=-234

226Ra = Radium-226

2220 = Radon=-222

2185, « Polonium-218

21451 = read-214

2145 .« Bismuth-214

40K = Potassium=40

Radiations:

alpha particle helium nucleus; easily stopped with
thin layers of material, all energy

deposited locally.
2

beta particle electron; penetrates about 0.2 g/cm

of material.

gamma rays - electromagnetic radiation; similar to
X-rays, and highly penetrating.

Half-Life (Tl/Z) - time required for half the radioactive
atoms to decay.

3-29



TABLE 3=-1 (Cont)

Working Level (WL) measure of potential alpha energy
per liter of air from any combination
of short-lived rgdon daughters

(1 WL = 1.3 x 10~ MeV of alpha energy) .

One Working Level WLM-Exposure to air containing a RDC of
Month (WLM) 1 WL for a duration of 170 hr.

Roentgen (R) - that quantity of gamma radiation which
yields a charge deposition of 2.58 x
10 coul/kg air. This is equal *o the
energy deposition of 88 ergs/g of dry
air or 33 ergs/g of tissue.

UR/hr - 1076 Roentgen/hr.

Rad = energy deposition of 100 ergs/g
of material

Picocurie (pCi) unit of activity (1 pCi = 0.02?7 radio-

active decays/sec or 2.2/min).

MeV - unit of energy - 1 MeV = 1.6 x 10~ °
erqg.
Rem = unit of energy deposition in man.

1l rem = 1 rad x quality factor.
The quality factor = 20 for alpha
particles.

TABLE 3-2

BACKGROUND RADIATION SOURCES IN SOIL FROM SOUTHWEST COLORADO

Isotope Average Ranqe
(Decay Chain) Value (pCi/g) (pCi/g)
226p, 1.48+0.63 0.54-3.4
? (238)
|
| 232qy
| (2324,) 1.11+40.32 0.10-1.46

| 3-30
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TABLE 3-3

RADON EXHALATION FLUX FROM THE NATURITA TAILINGS
e e ——

sample
(RNC-1)
(RNC=-2)
(RNC=-3)
(RNC~-4)

(RNC-5)

At

At

At

At

At

Location?
drill hole NR-10
drill hole NR-12
control point #2
control point #1

control point #3

Radon Flux
(pCi/m2-sec)

2540
1220
1240

760

1470

a3-hr samples taken

on May 10, 1976

3=31



TABLE 3-4

ESTIMATED HEALTH IMPACT FROM NATURITA TAILINGS

FOR AN AREA 0-4 MILES FROM TAILINGS EDGE

1976
2001
2001
2001

Time Period

(Static)
(2% growth ratea)

(4% growth rate?)

Total Pile-Induced Background

25-yr Cumulative Effect

Static population

2% growth rate?

4% growth rate®

Population RDC Health RDC Health
(Persons) Effects/yr Effects/yr
1,900 0.004 0.17
1,900 0.004 0.17
2,500 0.005 0.22
3,200 0.007 0.29

Pile Induced RDC
0.10 4.3
0.12 $.1
0.14 6.1

% The growth rate decreases linearly with time to zero in 25 yr.

e
—T

-~
-

—

3=-32



TABLE 3-5

CHEMICAL ANALYSES OF NATURITA WATER SAMPLES (mqg/1)

sample® As Ba cd cr SR T S
A - San Miguel River 100 yd <0.001 <0.001 <0.G01 0.05 <0.01 0.84 0.031 0.009

upstream from pile

B - Standing water in ditch 0.327 0.034 <0.001 <0.001 7-47 0.73 09.075 0.165
north edge of pile

C - San Miguel River 100 yd <0.001 0.048 <0.001 0.100 <0.01 1.20 0.026 0.012
downstream from pile

D - Standing water in ditch 0.028 0.012 <0.001 <0.001 0.42 1.40 0.025 0.043
north edge of pile

sE~£

EPA Interim Drinking 0.05 1.0 0.01 0.05 - 0.3 0.05 0.01

Water Standardsb

qsee Figure 3-11 for locations

bFederal Register, Dec 24, 1975

“Recommended limit from Manual for Evaluating Public Drinking Water
Supplies, U.S. Public Health Service, 1969
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CHAPTER 4

SOCIOECONUCHTC AND LAND USE IMPACTS

This.chapter'describes “he population concentrations and
land use 1n'the vicinity of ti= Naturita tailings. The basis
for estimating population growtli for the health effects calcu-

lations is.also discussed. The boundaries of Montrose County
are shown in Figure 4-1,

4.1 SOCIOECONOMIC BACKGROUND

The closest population concentration with commercial acti-
vity is Naturita, 3 mi southeast of the pile. Colorado highways
143, 141, and 90 service the area. Two other small communities,
East and West Vancorum, are located along Colorado highway 141
approximately halfway between Naturita and the tailings. 1In
addition, the community of Nucla is located approximately 5 mi
northeast of the pile. The city of Montrose is the county seat
of Montrose County, in which Naturita is located. The demographic
and economic conditions of Naturita can be projected by extra-
polating statistical data obtained for the four census records of
1940 through 1970.(1) The population of Naturita and its environs
has been highly dependent upon the activities of the area's uranium
mining industry. It experie:aced substantial growth in the 1940's
and 1950's, a decline in growth during the 1960's, and no notice-
able growth in the 1970's. Montrose County has experienced virtu-
ally no population change over the past decades, except for an
increase during the 1950's. These population fluctuations are
in contrast to the constant, smooth growth exhibited by the popu-
lation of the State of Colorado. The median age of Montrose County
declined from 29.1 in 1940 to 26.6 in 1960, and then increased to
29.1 in 1970. The male percentage of the population of Naturita
decreased from 59.3% in 1940 to 51.9% in 1970.

Ethnically, the population of Naturita is dominantly Caucasian;
2% are Indian. Educational attainment and median income are lower
than the state's averages. Most workers now are employed as farmers,
clericals, craftsman and service providers, but farmers and farm
laborers show a consistent decline in both real numbers and percent
of the total. Today, Naturita is a small community in a county
whose economy is based on mining and agriculture.

4.2 POPULATION ESTIMATES

The 1970 census figures show a population of 820 residents
at Naturita and 18,366 county residents. A modified population
base is used in the health effects assessment (see Chapter 3).

(1)
See end of chapter for references.
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Residents within 4 mi of the tailings pile were estimated at
1,900 in 1973, and no growth has been assumed since thep. As
seen in Figure 4-2, the major concentrations of population are
southeast of the tailings.

Several factors must be considered in determining population
projections and future growth patterns for the Naturita area.
First, the water available to support growth is severely limited.
Any population growth sustained by agriculture and industry will
restrict growth further, because water which might otherwise be
used for domestic and commercial purposes would be needed for
irrigation and industry. Second, tourism cannot be expected to
develop in the area. Third, the isolation of the area from air,
rail, and land transportation severely hampers development.
Finally, development of the mineral resources remaining in the
area can be expected to increase in the near term, then become
constant and eventually decline.

Considering these factors, three rates of growth were
employed. The highest assumes a 2.0% annual growth rate. This
is approximately the growth rate of the Mountain States for 1974.
The second rate is 0.8%, which is the current growth rate for the
United States. The third rate is an annual decline in population

by -1.6%, which is an extension of the population trend from 1960
to 1970.

The population projection factors are presented in Figure 4-3.
The curves represent three steady rates of growth and three declin-
ing rates of growth beginning in 1970. To obtain the population
projections for a given year, the appropriate 1970 population is
multiplied by the population factors for the year in question.

Assumptions of a steady rate of growth may be highly unreal-
istic. For the reasons given abhove, the rate of growth could
decline and approach zero by some future date. Also presented in
Figure 4-3 are the population projection factors for a steady 1l0-yr
growth rate followed by a declining rate to zero growth at 25 yr.
This is referred to as a "declining rate of growth".

The lowest constant rate (-1.6%) indicates there will be
0.6 times as many inhabitants in the year 2000 and 0.4 times as
many in 2025 as in 1970. If the rapid constant rate (2.0%) is
assumed, there will be 1.3 persons in the year 2000 and 3 persons
in the year 2025 for every person now there. This most rapid
constant rate provides results which may be tenable for the short
run; however the unavailability of water, the lack of transporta-
tion facilities, and the long distance from other population
centers make sustaining this rate highly unlikely. If the declining
growth rate is assumed, then by the year 2000 there will be 1.7
times as many residents for the 4% rate, and 1.3 times as many
using the 2% declining rate of growth.

In calculating the effect of the uranium mill tailings on
health, three rates were used: a static population, 2%, and 4%
declining rate of growth.
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CHAPTER 5

RECOVERY OF RESIDUAL VALUES

Ranchers Exploration and Development Company has
the economic feasibility of reprocessing the Naturita tailings
and has a license from the State of Colorado to reprocess these
tailings. Ranchers estimates that the cost based upon the percent-

age recovery will range from $30 to $34/1b of U30g. This range is
for

established

consistent with estimates resulting from the techniques used fo:
other sites in the Phase II program. The site
heap leach operation is illustrated 1n Figure

to be used for the
= 1
3=1,
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CHAPTER 6

MILL TAILINGS STABILIZATION

In most of the alternative remedial actions which have been
considered, the stabilization of mill tailings i5 a required
process. Government agencies and private industry have carried
out limited research to develop economical and environmentally
suitable methods of uranium tailings site stabilization. All
present methods, technology, and research data on stabilization
that are available were reviewed to determine the best approach.
In addition, experiments are being conducted to determine the re-
lative effectiveness of various stabilization techniques.

The objective of stabilizing the uranium mill tailings is
to eliminate the pathways to the environment of the radioactive
and other toxic particles as described previously in Chapter 3.
Ideally, complete stabilization of radioactive tailings should
permanently eliminate the possibilities of:

(a) Wind and water erosion

(b) Leaching of radioactive materials and other
chemicals

(c) Radon exhalation from the tailings
(d) Gamma radiation emitted from the tailings

6.1 PREVENTION OF WIND AND WATER EROSION

Wind and water erosion can be prevented by chemical stabili-
zation of the surface, complete chemical stabilization, physical
stabilization, and vegetative stabilization.

6.1.1 Chemical Stabilization of the Surface

This process involves applying chemicals to the surface
of the tailings to form a water- and wind-resistant crust. Chem-
ical stabilizers have been used successfully as a temporary pro-
tection on portions of dikes and tailings ponds which have dried
and become dusty, and in areas where water shortage or chemical
imbalance in the tailings prevents the use of cover vegetation.
Chemical surface stabilizers, however, are susceptible to physi-
cal breakup and gradual degradation and will meet the long-term
requirements for the Naturita tailings pile.

Other complications also can arise in achieving satisfac-
tory chemical stabilization in that the surfaces of tailings
piles seldom are homogeneous, and variables such as particle size
and moisture content affect the bonding characteristics of the



(1)

chemical stabilizers.

Tests were conducted by the Bureau of Mines (1) using certain
chemicals (e.g. Compound SP-400 Soil Gard, and DCA-70 elastomeric
polymers) on both acidic and alkaline uranium tailings. Subse-
quently, the chemicals DCA-70 and calcium lignolsulfonate were
applied to the surfaces of the inactive uranium tailings ponds
and dikes at Tuba City, Arizona, in May 1968, because low mois-
ture conditions and high costs prohibited vegetative or physical
stabilization. After 4 yr, approximately 40% of the dike surface
showed disruption while the crust in pond areas was affected to
a lesser extent. The major disruptions were attributed to initial
penetration of the stabilizer by physical means such as vehicles,
people, or animals crossing the tailings surface.

In 1969, a portion of the Vitro tailings at Salt Lake City,
Utah was sprayed with tarlike material as a Bureau of Mines
enperiment to achieve surface stabilization and to reduce wind
erosion. The attempt was unsuccessful because the material de-
composed and the tailings were exposed within 2 to 3 yr. Thus,
no chemical sealant has been used successfully to stabilize ura-
nium tailings for more than a few years.

6.1.2 Complete Chemical Stabilization

This process, which has been used 1in other mineral industry
operations, involves the addition of chemicals in sufficient quan-
tities to a slurry to produce a chemical reaction which solidifies
the slurry. Chemicals may be added in two ways: to a slurry
pipeline, and in situ. The in situ method of stabilization is
relatively new, and extensive research is required in each indi-
vidual situation to define the optimum chemical addition to pro-
duce the desired results.

One of the features claimed for this stabilization method is
that all pollutant chemicals are locked in the solidified slurry
and chemicals cannot be leached from the solid.

The cost of this stabilization method is expensive for the
chemicals alone. A cover material, such as gravel, would be re-
quired to protect the solidified slurry from wind and water ero-
sion. It is not known whether vegetation can be established
after topsoil and other soil cover have been spread over the
solidifies slurry. This probably would be a function of the spe-
cific chemical makeup of the solidified slurry and would require
research to identify the conditions under which vegetation could

thrive.

(1)see end of chapter for references.
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One potential problem in the use of vege ative stabilization
is the possibility of pickup of radioactive wlcr:t-:\t:‘-; DY ?u\ plants

The effect of this mw"*‘nunr‘ has not been considered the pre-

sent assessment.

In 1973 and 1976, unusually heavy rainstorms eroded 2 portior
the cover material and tailings. Tailings were deposited on
cover material on the southwest portion of the pile. The berm
\long the north ridge of the pile was damaged causing the
north slope of the
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plore more precisely the problems associated with reducing and
eliminating the exhalation of radon from radioactive tailings
material. The effects of applying various chemical stabilizers
and varying thicknesses of stabilizing earth covers and combina-
tions of materials are still being investigated. The results may
have an important impact in planning radon exhalation control.

6.4 REDUCTION OF GAMMA RADIATION

A few feet of cover material are sufficient to reduce gamma
radiation to acceptable levels.

The reduction of gamma exposure rates resulting from a packed
ea.th covering is given in Figure 6-2. (4.5) 7yo feet of cover re-
duces the gamma levels by about two orders of magnitude. There-
fore, an average cover of 2 ft should reduce gamma levels to less
than 10 uR/hr above background.

6.5 ASSESSMENT OF APPLICABILITY

Available data indicate that none of the methods used thus
far to stabilize uranium tailings sites has been a totally satis-
factory solution to uranium tailings site radiation problems.

Some of the methods examined have exhibited short-term advantages,
but no economical long-term solutions have become apparent. Con-
sequently, new methods of stabilization may have to be developed
and additional engineering research may be required.
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CHAPTER 7

REMEDIAL ACTIONS AND BENEFITS

The remedial actions for the Naturita site take into consid-
eration the reprocessing and reclamation program proposed by
Ranchers Exploration and Development Company in its license appli-
cation. Assuming that progrem is performed, then the tailings
will be relocated, reprocessed, and stabilized in the location
shown in Figure 5-1, Chapter 5. In addition, the contaminated
soil beneath the tailings will be moved to the same location and
will be stabilized. The 226Ra concentration in the subsoil be-
neath_the pile is given in Figure 7-1. As shown in the figure,
the 222Ra concentration reaches twice background at a depth of
about 5 ft. Also given in Figure 7-1 is the estimated cost p:r
foot to remove the contaminated subsoil.

The remedial action options that should be considered in ad-
dition to the above program are directed towards the remedial
action at off-site structures and off-pile windblown tailings.

7.1 DATA SOURCES

A mobile scanning unit, operated by the AEC under an inter-
agency agreement with EPA, performed gamma radiation surveys of
the Naturita and Nucla, Colorado areas in 1971. Of the 219 struc-
tures scanned in Naturita, 33 anomalies were reported while at
Nucla, 13 anomalies resulted from the survey of 265 structures.

A joint team from the EPA Office of Radiation Programs, Las Vegas,
Nevada (EPA-ORP-LV) and the Colorado Department of Health per-
formed individual gamma surveys of the 46 anomalies to determine
their sources and, if tailings, how they had been used. (1,2) High
and low inside and outside gamma readings were recorded. A gamma
map was drawn of gamma readings inside the structures exceeded

20 uR/hr.

The EPA gamma survey(3) for windblown tailings was the data
source used for consideration of the remedial action for open
land areas.

7.2 REMEDIAL ACTION FOR STRUCTURES (OPTION I)

Follow-up surveys of the anomalies (1/2) jndicated that there
were 10 tailings use locations in Naturita and 3 in Nucla. In
Naturita, the tailings uses ranged from use in foundations to f£fill
under walkways and slabs and included such miscellaneous uses as
planter fill, contaminated fire brick use, and contamination re-
sulting from incineration of contaminated trash. In Nucla, the
tailings were used under building floor slabs and as fill in a
driveway. Radon measurements were performed at two locations in

(1)See end of chapter for references.
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Nucla at the request of the Colorado bepartment of Health. (See
Figure 3-3, Chapter 3.)

Of the remaining 33 anomalies identified by the 1971 scan-
ning survey, 26 were caused by the presence of radioactive mate-
rial in instruments or ore, 3 resulted from natural radioactive
materials, and 4 could not be verified as anomalies.

An extended series of measurements, such as required in the
full application of the Grand Junction remedial action criteria,
might modify the actual number of locations included in the re-
medial action. The location at which tailings are on vacant lands
or are greater than 10 ft from structures could constitute a prob-
lem in the future. Costs for this category are not included in
this assessment because they are not covered under the Grand
Junction remedial action criteria.

Remedial action would remove tailings and contaminated mate-
rial from locations meeting the remedial action criteria and re-
store the disturbed locations to their original condition. 1In
addition, mill structures would be either decontaminated or demo-
lished and buried, depending upon the condition of the structures
and the cost of decontamination versus demolition.

Tadsd COBLES

As shown in Table 7-1, the cost for this option is $270,000.
The major cost components are as follows:

(a) Engineering (15% of item b) $ 26,000
(b) Remedial action 170,000
(¢) Environmental assessment 40,000
(d) Contingency (15% of items a, b and c¢) 34,000

Total Cost $270,000

7.3 REMEDIAL ACTION FOR OPEN LANDS (OPTION II)

In addition to the actions proposed in Option I, this option
includes cleanup of some of the windblown tailings._ The extent
of windblown tailings is indicated by the EPA data(3) in Figure
3-10, Chapter 3. Decontamination of windblown tailings consists
of removing the off-pile contaminated soil and transporting it
to the reprocessing site. The area which will be decontaminated
is shown in Figure 7-2. The presently operating ore buying sta-
tion (on the millsite) and former ore storage area have not been
included in this area. Most areas would be decontaminated by
removing an average of 8 in. of soil, except for the area to the
southeast of the tailings where an average of 3 ft of soil would
be removed. After decontamination, the affected areas would be

7-2



restored with additional clean material and vegetation would be
reestablished. All structures would be decontaminated by either
wet or dry vacuum procedures.

7.3.1 Costs

As shown in Table 7-1, the cost for this option is $950,000.
The major cost components are as follows:

(a) Engineering (10% of item b) $ 70,000
(b) Remedial action 700,000
(c) Environmental assessment 60,000
(d) Contingency (15% of items a, b, and ¢) 120,000

Total Cost $950,000

The costs for moving the tailings and contaminated subsoil
to another location 5 mi away, including site preparation, 2 ft
of cover on the tailings after placement, fencing, and an endow-
ment fund for annual maintenance, are $4,500,000.

7.4 IMPACTS OF THE OPTIONS

7.4.1 Health Benefits

Although the Ranchers Exploration pro~ram and the present
options would leave the tailings site in a condition suitable for
unrestricted use, the presence of the stockpiled ore and the ore
buying station necessitate restricted activities at this site.

As discussed in Chapter 3, the health effects from the pile
are negligible and will be reduced further by the Ranchers Explor-
ation program. 1In view of the small health effects, no cost-
benefit analysis has been performed for this site;: however, in
general the remedial action on structures (Option I) has a very
favorable health benefit-to-cost ratio.

7.4.2 Land Value Benefits

A good portion of the property surrounding the Naturita site
is under management of the Bureau of Land Management. There are
three private land owners adjacent to the site. The estimated
market value of the land (excluding improvements or mineral val-
ues) varies from less than $50/acre to almost $1,200/acre; hence,
after removal of the tailings, the value of the approximately 24
acres of land covered by tailings could increase from a current
estimated $200/acre to a possible $1,000/acre for a net increase
of $19,200.



Ford, Bacon & Davie Atab Inc

)

ey
7/

BACKGROUND

NOTE

THE COST PER FT FOR REMOVAL
OF CONTAMINATED SUBSOIL IS
APPROXIMATELY $130.000

DEPTH BELOW INTERFACE (FT)

RADIUM CONCENTRATION (pCi/g)

FIGURE 7-1. RADIUM ACTIVITY CONCENTRATION IN
CONTAMINATED SUBSOIL 130-07




RADIATION AREA TO BE -4
DECONTAMINATED

LEGEND

AREA TO BE DECONTAMINATE \
] REMO 3 T .

Y WWING 3 FT OF TOPSOIL
AREA TO BE ')f;‘\{]'\‘,'_“\’C;\“'\vkv\
BY REMOV NG 8 )F TOPSOIL

TAILINGS PILE

G.E. ORE
BUYING
STATION

FORMER OR

STORAGE

Ford, Bacon & Davis Atab Inc

1000 FT

FIGURE 7-2. AREA DECONTAMINATION PLAN

13007




Option No. Description

Decontamination at off-
Slte structures and mill-
site structures.

Cleanup of windblown tail-
ings adjacent to the site,
and of other contaminated
s01ls at the site, in addi-
tion to the work of Option
T

“e




CHAPTER 7 REFERENCES

"Summary Report of the Radiation Surveys Performed in the
State of Colorado at Naturita, Colorado"; EPA-ORP-LV; Mar
1973,

"Summary Report of the Radiation Surveys Performed in the
State of Colorado at Nucla, Colorado"; EPA-ORP-LV; Mar 1973.

R. L. Douglas and J. M. Hans, Jr.; "Gamma Radiation Surveys
at Inactive Uranium Mill Sites"; Technical Note ORP/LV-=75-5;
EPA; Office of Radiation Programs; Las Vegas, Nevada; Aug
1975.



APPENDIX A

REMEDIAL ACTION CRITERIA

A.l1 Surgeon General's Guidelines

A.2 Radiological Criteria for Decontamination of Inactive Uranium
Mill Sites

A.3 Grand Junction Remedial Action Criteria (10CFR712)



APPENDIX A
REMEDIAL ACTION CRITERIA
The remedial action criteria used for the Phase II assessment
of the cleanup of mill tailings are presented in the following

documents:

A.l SURGEON GENERAL'S GUIDELINES

DEPARTMENT OF HEALTH, EDUCATION AND WELFARE,
PUBLIC HEALTH SERVICE,
Washington, D. C., July 1970.

DR. R. L. CLEERE,

Executive Director, Colorado State Department of Health, 4210
E. 1llth Avenue, Denver, Colorado

DEAR DR. CLEERE: I am pleased to respond to your letter
of January 29 in which you asked Dr. M. W. Carter, Director of
our Southwestern Radiological Health Laboratory, for Public Health
Service and/or U. S. Atomic Energy Commission assistance in pro-
viding exposure guidelines applicable to homes with high concen-
trations of radon progeny.

The enclosed graded recommendations for action have been de-
veloped within the framework of existing Federal Radiation Council
guidance for occupational exposure to airborne concentrations of
radon and its daughters (progeny). Also, graded action levels
applicable to external gamma radiation are included.

You will note in the accompanying Explanatory Notes that these
recommendations apply specifically to dwellings constructed with or
on uranium mill tailings. Further qualifications in the Explanatory
Notes should be consulted before these recommendations are applied.

The specific information which your Department is developing
on the variability of radon daughter concentrations in dwellings
and on optimum control measures will be essential towards making
those decisions necessary in applying the recommendations.

These recommendations have been directed to the Atomic Energy
Commission for comment. Because of the urgency attached to your
receiving the recommendations as soon as possible, they have been
forwarded to you in advance of receiving AEC views and comments.
We will advise you of the AEC response when received.

Sincerely yours,

PAUL J. PETERSON,
Acting Surgeon General

Enclosure:



RECOMMENDATIONS OF ACTION FOR RADIATION EXPOSURE LEVELS IN DWELLINGS
CONSTRUCTED ON OR WITH URANIUM MILL TAILINGS

External gamma radiation:

Level: Recommendations

Greater than 0.1 mR/hr . . . Remedial action indicated.

From 0.05 to 0.1 mR/hr . . . Remedial action may be sug-
gested.

Less than 0.05 mR/hr . . No action indicated.

Level: Recommendations

Greater than 0.05 WL . . . . Remedial action indicated.

From 0.01 to 0.05 WL . . . . Remedial action may be sug-
gested.

Less than 0.01 WL . . « « No action indicated.

EXPLANATORY NOTES

1. These recommendations are written specifically for dwellings
constructed on or with uranium mill tailings. This situation may
involve continuous exposure of members of the public to radon daugh-
ter product activities and whole-body gamma irradiation levels in
excess of the background radiation levels found within dwellings
in the area not constructed with or on uranium mill tailings.

2. Although the initial concern was the presence of radon
daughter product activities within these dwellings, preliminary
surveys have indicated that in some instances, the gamma radiation
levels were of prime importance. Thus, recommendations are made
concerning both types of radiation. The recommendations applicable
to a particular dwelling will be determined by whichever type of
radiation has the high level.

3., Three levels for action are recommended for both external
gamma and radon daughter product exposures. This graded system
of actions is proposed to allow latitude in the middle ranges for
the judgment of the on-site investigators.

4. The external gamma and radon daughter product levels pro-
posed constitute exposures which are in addition to the natural
background levels found within dwellings in the area not constructed
on or with uranium mill tailings. In the Grand Junction, Ceclorado,
area these levels are approximately 0.01 mR/hr (approximately 90
mrem/yr) and 0.004 Working Levels (WL) (approximately 0.2 CWLM/yr)
respectively (1).

5. The expected health effects of concern will be different
for the two types of radiation; i.e., leukemia for whole-body gamma
radiation exposure and lung cancer for exposure to inhaled radon
daughter products. This expectation is based, in part, on findings
derived from population studies such as the Japanese atomic bomb



survivors and uranium miners. These specific health effects are
considered to be mutually exclusive. The basis for this assumption
is that the expected radiation contribution to whole~-body exposure
from inhaled radon and daughter products would be considerably

less than the direct exposure from external gamma radiation at

the levels encountered in the dwellings. Conversely, the external
gamma radiation contribution to the lung dose is considered to com-
prise a negligible additional risk of lung cancer.

6. (a) A Working Level (WL) is the term used to describe
radon daughter product activities in air. This term is defined
as any combination of short-lived radon daughter products in_1 liter
of air that will result in the ultimate emission of 1.3 x 10”7 Mev
of potential alpha energy (2). The numerical value of the WL is
derived from the alpha energy released by the total decay through
Ra C' of the short-lived radon daughter ptoducts,zgs A, Ra B and

Ra C, at radioactive equilibrium with 100 pCi of Rn per liter
of air (3).

6. (b) A Working Level Month (WLM) is the term used to ex-
press the occupational exposure incurred in one working month of
170 hours by a uranium miner laboring in an atmosphere containing
radon daughter products; i.e., one working month in a mine atmo-
sphere containing 1 WL of radon daughter products equals 1 WLM,

6. (c) Cumulative Working Level Months (CWLM) is the term
used to express the total accumulated occupational exposure to radon
daughter products in air; i.e., an air concentration of radon daugh-
ter products of 1 WL would, in one working month, equal 1 WLM, and
in 1 year or 12 months would equal 12 CWLM.

6. (d) Since occupational exposures are based upon 170 hours
per month and continuous exposure involves approximately 170 hours
per week, then an occupational exposure to an air concentration
of 1 WL is equivalent to continuous exposure to 0.025 WL.

7. These recommendations are based on the assumption of a
linear, non-threshold dose-effect relationship. The lack of defini-
tive information precludes allowances for possible differences
in radio-sensitivity due to age, sex, or other biological character=-
istics.,

8. No action is indicated when the external gamma exposure
rate is less than 0.05 mR/hr and the radon daughter product activity
is less than 0.01 WL since under conditions of continuous exposure
these levels would result in maximum annual exposures of approxi=-
mately 400 mrem and 0.5 CWLM, respectively. The maximum annual
value of 400 mrem is less than the dose limits recommended for an
individual body exposure to external gamma irradiation.

The ICRP (5) recommends that the annual dose limit for members
of the public shall be 1/10 of the corresponding annual occupational
maximum permissible dose. The maximum annual value of 0.5 CWIM
of radon daughter product exposure is approximately 1/10 of the
4 CWLM annual occupational exposure limit recommended by the FRC
(6) for implementation on 1 January 1971, and less than 1/20 of the
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annual occupational exposure limit of 12 CWLM recommended for uranium
miners in the present FRC regulations (4).

9, Remedial action may be suggested in the case of external
gamma exposure rates of 0.05-0.10 mR/hr or radon daughter product
activities of 0.01-0,05 WL since under conditions of continuous ex-
posure these levels would result in maximum annual exposures of
approximately 400-900 mrem and 0.5-2.5 CWLM. The upper limit of
these ranges exceeds the strictly applied recommendations of the
FRC and ICRP for exposures of an individual member of the public.
However, this extension seems justified in situations in which un-
foreseen exposures have occured, since as stated by ICRP (5) "in
general it will be appropriate to institute countermeasures only
when their social cost and risk will be less than those resulting
from the exposure." It is further stated by the ICRP (5) that very
low levels of risk are implied in the dose limits for members of
the public and that it is likely to be of minor consequence to their

health if the dose limits are marginally or even substantially ex-
ceeded.

10. Remedial action is indicated at gamma exposures greater
than 0.1 mR/hr or at radeon daughter product activities greater than
0.05 WL. Under conditions of continuous exposure, these levels would
result in minimum annual exposures of 900 mrem and 2.5 CWLM. All
values above these would indicate the necessity for remedial action,
since at these levels the maximum annual exposures recommended by
the FPC and ICRP for an individual member of the public is exceeded.

11. With respect to the external gamma irradiation, from the
estimates published by ICRP (7), it can be interpolated that the
annual risk of leukemia under conditions of continuous exposure to
500 mrem per year is an increased incidence of about 10 cases per
year per million persons exposed. The natural annual incidence of
leukemia for all ages is given by ICRP (8) as 10-100 cases per mil-
lion persons. With respect to radon daughter product exposures,
it has been estimated by Archer and Lundin (9) that an exposure of
120 CWLM to a group of white adult males in the United States appears
to approximately double the normal lung cancer incidence which for
this population is about 2-3 cases per year per 10,000 persons.

At an annual exposure of 2.5 CWLM, 48 years would be required to
reach 120 CWLM.

12, It is considered that implementation of these recommend-
ations for the various exposure ranges would make it highly unlikely
that any serious health effects would result from exposure to radon

daughter products or external gamma irradiation in this particular
situation.

13. It is suggested that remedial action be taken only after
an adequate number of measurements taken under a diversity of tem-
poral and climatic conditions have clearly established that the av-
erage exposure is in excess of 0.1 mR/hr or 0.05 WL exist and in
instituting corrective measures., However, it is considered that
the additional health risks from continued exposure over this time
period are of lesser consequence than the economic and social dis-
comfitures of precipitous action.



Approved.

/s/ PAUL J. PETERSON,
for Jesse L. Steinfeld, M.D.,
Surgeon General, Public Health Service

July 27, 1970
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A.2 RADIOLOGICAL CRITERIA FOR DECONTAMINATION OF INACTIVE

URANIUM MILL SITES*

9% General

Radiological criteria for an engineering assessment of possible
remedial actions applicable to uranium mill tailings piles and for
the decontamination of inactive uranium mill sites are provided
herein. These criteria are applicable to the sites, to their sur-
rounding areas which have been contaminated by radioactive materials
from the sites, and to buildings in which the materials have been

used.

Critical radiation exposure pathways from inactive uranium
mill sites to members of the general population are:

(a) Radon escaping from the tailings pile carried by
the wind into habitable structures where the holdup
time is long enough, resulting in buildup of radon
daughters to levels greater than the ambient air.

(b) Tailings material used for construction of habitable
structures can result in a buildup of radon
daughters and increased gamma levels.

(c) Gamma rays from tailings material cause whole body
radiation exposure. This includes not only the
"gamma shine" from the tailings pile that exposes
people living nearby, but also the radiation exposure
from tailings material that has been eroded off the
pile onto surrounding land. The mill sites always
show elevated gamma exposure levels because of
contamination by ore, tailings solids, and process
solutions.

(d) 226Ra, Th, and other radionuclides from tailings
piles can be leached into ground water and there-
after into public and irrigation water supplies.

(e) Windblown particulate material (Ra and Th) from the
tailings pile can be inhaled causing a radiation
dose to the lung.

Remedial actions may be required on inactive uranium mill tail-
ings piles to reduce or prsvgnt excess radiation exposure from radon
progeny, gamma radiation, 26Ra, and radioactive particulate mate-
rial. If tailing material has been used as a building material,

remedial actions may be required to reduce radon concentrations and/or

gamma activity levels. Remedial actions performed on tailings piles

*Provided by U S Environmental Protection Agency, as attachment to
letter dated Dec 1974.




and decontamination of mill sites and surrounding contaminated

areas should result in residual exposures that are as low as prac=-
ticable. There is no single permissible exposure level applicable

to all such cases. An evaluation should be made on a case~-by-case
basis of the risk involved, balanced against (1) the cost of reducing
the residual contamination, and (2) the economic effect on alterna-
tives such as restricting the use of the land. The result of such
an analysis can be used by all concerned to define the "as low as
practicable" residual level of contamination that will be acceptable
and determine whether restrictions will be required on the use of
any contaminated land.

b Tailings Pile or Pond

The operation of uranium mills results in the generation of
waste material which is disposed of in tailings piles and pondre,
Environmental contamination has occurred at those sites where mea-
sures were not taken to control the movement of the radioactive
material. In order to restore the environmental quality and provide
for protection of the public, such sites should be decontaminated
and result in residual gamma radiation levels which are as low as
practicable. For most situations this would require decontamination
of the area by (1) removal of radioactive material to a location
where the material would be isolated from the biosphere, or (2) pro-
viding sufficient cover such that the resultant gamma radiation lev-
els are as low as practicable, preferably at background. However,
under certain topographical conditions and economic considerations
wherein complete removal is not practicable, the residual levels
should not exceed 40 yuR/hr above background. This value is arbitrari-
ly chosen for the purpose of providing an engineering estimate on
cleanup of contaminated areas. It is considered to be sufficiently
low that the expected exposures occurring after any remedial action
at this level would not constitute a public concern. However, this
should not be considered as the final criterion.* The gamma radia-
tion level is the net, corrected measurement at 3 ft above the ground.

For each site a determination should be made of the radium
concentration in the soil. Cleanup should reduce the soil concen-
tration to less than two times the radium background specific for
the area,

If the radioactive material remains in place and stabilized,
the area should be designated as a controlled area. Due to the
difficulty of controlling radon diffusion and the existing state-of -
the-art of stabilization, the land should be restricted as to human
occupancy and be properly fenced to limit access.

*When all phase II information is complete and the health impact
of remedial actions identified an overall determination of as low
as practicable protection levels can be assessed appropriately.
Therefore, the above numbers are subject to change.



ahe 2264 :
rhe 226Ra activity contribution from the site 1r

i

surface water should meet applicable state oOr federal

3 open Land Arees

This area refers to all land beyond the fence of the sites
where tailings are located. As with the tailings areas, decontam-
ination of the uranium mill site and other areas contaminated by
wind- or water-eroded tailings should result in residual gamma levels
which are as low as practicable. Cleanup of the area would require
returning of the windblown tailings material to the site and estab-
lishing a contrclled area, Or moving all the material to a location
st will isolate the materia’ from the biosphere.

I1f the residual gamma levels are less than 10uR/hr above
background, the land may be released for unrestricted use. If
residual levels are equal to or greater than 10uR/hr above back-~
ground at a given site a determination should be made of the radium
concentration in the soil. Cleanup should reduce the soil concen-
tration to no more than two times the radium backaround specific
for the area. Under certain topographical conditions wherein
complete removal of tailings is not possible or pract icable,; the
residual levels should be as low as practicable but should not
exceed 40uR/hr above background and access should be controlled.
This value is arbitrarily chosen for the purpose of providing an
engineering estimate on cleanup of contaminated areas. The gamma
radiation level is the net, corrected measurement at 3 ft above
the ground.

4. Structures

It is possible that there will be several industrial and
residential structures where tailings have been utilized for con-
struction purposes. When it has been determined that tailings were
ysed in the construction, the lower limits of the guidelines estab-
lished by the Surgeon General for structures in Grand Junction,
‘olorado, will be used.




A.3

GRAND JUNCTION REMEDIAL ACTION CRITERIA (10CFR712)

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
RULES AND REGULATICNS

PART 712—GRAND JUNCTION
REMEDIAL ACTION CRITERIA

See.

7121  Purpose.

7122 Becope

7123 Delnitions.

7124 Iuterpretations.

7125 Comisurizatiova,

7176 General radiation exposure level eri-
toria Jor remedial action.

7127 Critenia for determiastion of possi-
ble nced for remedial actiot.

7128 Determination of pusalble meed for
remedial action where criteria have
not been miet,

71239 Paclors o e considered in determ!-
catiou of order of prioricy for re-
medial action.

71210 Selsctlon. of sppropriate remadial
action,

Avtionrry: Sec. 203, 86 Stat. 226.

§ 712.1 Purpose.

fa) The regulations in this part estab-
lish the criteria for determination by
ERDA of the need for, priority of and se-
lection of appropriate remedial action to
lumit the exposure of individuals in the
area of Grand Juncdon, Colo., to radia-
tion emanating from uranjum mill tail-
ing which have beenr used as a construc-
ticn-related material.

(b) The regulaticns in this part are
lssued pursuant to Pub. L. §2-314 (86
Stat 222) of June 1¢, 1972,

§712.2 Scope.

The regulations in this part apply to
all structures in the ares of Grand Junc-
tion, Colo, under or adjace... *» which
wrubium nuli tallings have been useu .
a construction-related material between
Jaauary 1, 1051, and June 18, 1972,
inclusive.

§ 712.3 Delinitiona.

As used in this part:

‘a) “Administrator” means the Ad-
mindsirator of Energy Research and Di-
velopmert or his dul' authoriced
re, “entalive.

(n» 'Area of Grand Junction, Colo.,"
menns Mes2 County, Colo.

(¢) “Background” means radiation
arising froin cosmic rays and radjoactive
material other than urani mill
tailings.

(d) “"ERDA" means the UBS. Energy
Pesearch and Development Administra-
Loa or any duly authorized represen.a-
tive therco?l,

(®) “Construction-related materiad”
means any material used in the con-
struction of a structure,

() “Ext2rne] gamma radiation level”
means the cveruge gamma radiation ex-
posure rale for the habitable area of a
structyie as measured near floor Jevel

(R “Indeor radon daughter concen-
troaon lovel” means that concentration
of radon daughters delerinined by: (1)
Averaging the results of § air samples
each of at least 100 hours duration, and
taken at & minumum of 4-week intervals
throughot:t the year in & habitable area
of a siructure, or (2) utilizing some other
procedure, approved by the Commission.

(h) “Miilireentgen (m2) means a unit
equal to one-tnousandilh (171000) of a
roentgcu which roentgen is defined as an
exposure dose of X or gainma radiation
such titat the associated corpuscular
emission per 0001293 cram of air pro-
duces, in air, 1ns carrying one clectro-
static unit of quantity cof electricity of
either sign.

(1) “Radla’ion™ means the electro-
magnetle enervy (gamma) and the par-
ticulate radiation (alpha and tas
whirh emanat2 from the radicactiv: Qr-
cay of radium 2nd its daughter proacs's

¢J) “Radon daugiiters'” inean; the oo -
secutlve decay products of radon 22,
Generally, the<e jnclude Rad: i ., (po-
lonfum-218), PLdium B (le.d 2817, Ra-
dium C ‘rismuth-214), and Radum ¢’
(polonium-214) .

(k) "Remedial action” me.ns any ac-
tion taken with a reasonable expectation
of reducing the radiatinon exyosure re-
sulting from uraniuin mil tailings which
have been us~d as consiruction-related
material in and around siructures in the
area ¢f Crand Junction, Colo

(1) “Surgeon General's guidelines”
means radiation guidelines related to
uranium mill tailings prepared and re-
leased by the Office of the U S. Surgeonr
General, Department of Health, Educa-
tion and Welfare cn July 27, 1970

(m) “Uranium mill tadings” means
taiilngs from a uranium milling opcra~
tion involved in the Feceral uranium
procurement program,

(n) “Working Level” (WL) means any
combination of chort-lived radon daugh-
ter products in 1 liter of air that wil) re-
sult in the ultimate emissivn of 1 3x10*
I4eV of potential Aipha energy.

§ 7124 Interpretation.

Except as snecificrily authorized by
the Administrator ir writing. no inter-
pretation of the meaning of the rezula-
tlons in this part by an officer or em-
plovee of ERDA other than a wni‘ten in-
terpretetion by the Genosral Counsel
will oe recognized to be binaing upon
ERDA,
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RULES AND REGULATIONS

(h) Where EFDA approved data o in-
door rodon davahter concentratsn levels
a12 not available

(1) For dwellints and cchoolroo'n

(1) Anexternal gumma radiation level
of 005 mR/hr. or greater above back-
ground

i) An indoor radon daughter concen-
tration level of 0.01 WL or greater above
tackground ¢presumed).

tA) It may be piesumad that i’ the
external gamimna rediation level is eyual
to or exceeds 002 mR/hr. above back-
s-ound, the indoor radon daughter con-
certration level equals or exceeds 0.01
WL above background.

(B) It shou!d be presumed Lhat il the
external gamma radiation level s lcss
than .00l mR/hr. above background, the
ndoor radon daughter concenuration
level is less than 001 WL above onck-
grouna, and no possitle need for rcmedia)
action exlists,

(C) If the ext
level is equal t

1al gamma radiation

greater than 0001
mR/hr. above kground bu’ is less
than 002 mR above background,
measurements will be required Lo ascer-
tain the indocr radon daughter concen-
tration level

(2) For other structures: (i) An exter-
nal gamma radiution level of 0.15 mR/by.
gbove background averaged on a roara-
by-room basis.

‘i{) No presumpticns shall be ;oade on
the external gamma radiation level/in-
door ridon daughter concentration ievel
relationship. Decisions will te m~de in
individual cases based upon the rusults
of actual measurements

§ 712.8 Determination of possible need
for remedial action where criteria
have not heen met.

The possible need for remecial action
mav be determined where Lue criteria in
§ 712.7 have not pesn met if various other
{actors are present Such factors include,
but are not necessarily limited to, slze
of the affccted area, distribution of radi-
ation levels in the alfected area, amount
of tnillngs, ege of individuals occupying
affected area, occupancy time, and use
of the aflected area.

§7125
Except where otlierwise specified in
this part, all communications concern-
ing the regulations in this part shouid
be addressed to the Director, Division of
Safety, Standards and Compliance, US
Enecgy Research and Development Ad-
ministration, Washington, D.C. 20545

Communicalions

8 712.6 CGenerul radimion exponare level
eriteria for remediul action.

The basls for undertaking remedial
action shall be the applicable guidelines
published by the Surgeon General of the
Uniteu States. These guidelines recom-
mend the following grad~d action leve!ls
for rcmedial action in terms of external
gamma radiation level (EGR) and indoor
radon daughter concentration level
(RDZ) above background found within
dwellings constructed on or with urunium
mill taldings

EOR RDC

Recomm.ndation

CGrester than 0.1 Grealer than
m K/Mhre 0B/ WIL
Prom 008 to 0.} ¥rom 0 0L lo
m R QOIS WL

Remedial sotion
indicated
Remedia) aciion
nisy be
sugxesie )
Tew than 004 Less than 004 Noremediad
m RN wi & Lion
indunted

§ 712.7 Criteria for determination of
possible need for reniedial action.

Once it is determined that a possibin
reed for remedial action exists, the rec-
ord owner of a structure shall be notifled
of that structure's el'gibility for an en-
gineering assessmens to confirm the need
for remedia! acion aicd to ascerinin the
most appropriale remedial measure, I
any. A determination ¢f possiole need will
be mace it as o result of the presetn.e of
yrunium mill tailiugs under or adjacent
to the structure, ore of the follewing
CahClia met

(w) \Where ERDA approved dat? on
indoor radon deuxhter concentraticn
Jeyels are available

11) For dwellings and schollrooms
An indoor raden daughter concentration
level of 001 WL or greuter atose back-
ground

(2) For other structurcs: An indcor

adnn daughter concentrailon level of
uN3 WL or greater above ticksround
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RULES AND REGULATIONS

§ 7129 Fuctors to be considered in de-
termination of order of priority for
remediul action,

In determining the order of priorily for
execution of remedial action, considera-
tion shall be given, but not necassarily
limitod to, the foliowing factors:

(a) Classification of structure. Dwell-
ings and schools shall be considered first.

(b) Availability of data. Those struc-
tures for which data on indoor radon
daughter concentration levels and/or
external gamma radiation levels are
available when the program starts and
which meet the criteria in § 712.7 will be
considered firss.

(¢) Qrder of application. Insofar as
feasible remedial action will be taken in
the order in which the application is
received.

(d) Magnitude of radiation level. In
general, those structures with the high-
est radiation levels will be given primary
consideration.

(e) Geographical location of struc-
tures. A group of structures located in
the same immediate geographical vicin-
ity moy be given priority consideration
paiticuwaily where they involve similar
remadial efforts.

(f) Availability of structures. An at-
temut will be made to schedule remedial
action during those periods when re-
medial ection can be taken with mini-
mum interference.

(g) Climatic conditions. Climatic
cenditions or other seasonal considera-
tions may affect the scheduling or cer-
tain remedial measures.

§ 712.10 Selcction of appropriate reme-
dial action,

(a) Tallings will be removed from
those structures where the appropriately
avornged external gamma radiation level
is eqqual to or greater than 0.05 mR/hr,
abovs bazkground i1 the case of dwell-
ings and sciools and 0.16 mH/hr. above
background in the case of other struc-
tures.

(b) Where the criterion in paragraph
(a) of this section is not met, other re-
medial action techniques, including
but not limited to sez.ants, ventilation,
and shielding mav be consldered in addi-
tion to that of ta.lings removal. ERDA
shall select the remedial action tech-
ninue or combination of techniques,
which it deiermines to be the most ap-
propriate unde: the circumstances.
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APPENDIX B
RULES AND REGULATIONS PERTAINING
TO RADIATION CONTROL; THE STATE OF COLORADO

B.1 Part VIII - Regulation Requiring Stabilization of
Uranium and Thorium Mill Tailings Piles



APPENDIX B

RULES AND REGULATIONS PERTAINING TO RADIATION CONTROL

B.1 PART VIII - REGULATION REQUIRING STABILIZATION OF URANIUM AND THORIUM MILL
TAILING PILES (Radiation Regulation No, 2)

RH 8,1 All uranimm and thorium mill talling piles and ponds from (nactive mills
shall be stabilized in the following manner:

8.1.1

8.1.2

8.1.3

8.1.5

8.1.6

8.1.7

8.1.8

8.1.9

8.1.10

Ponds shall be drained and covered with materials that prevent
blowing of dust, Water drained from the ponds shall be disposed
of in a manner approved by the Water Pollution Control Commission.

Taking into consideration tne types of materials at each site,
piles shall be leveled and graded so that there is, insofar as pos-
sible, a gradual slope to ensure that there shall be no low places
on the plle where water might collect. Side slopes shall be stati-
l1ized by riprap, dikes, reduction of grades, vegetation, or any
other method or combination of methods that will ensure stabiliza-
tion,

If pile edges ¢ adjacent to a river, creek, gulch or other water-
course that miyht reasonably be expected to erode the edges during
periods of high water, the exposed slopes shall be stabilized and
the edges shall be diked and riprapped sufficiently to prevent
erosion of the pile,

Drainage ditches shall be provided around the pile edges sufficent
to prevent surface runoff water from neighboring land from reaching
and eroding the pile,

The pile shall be stabilized against wind and water erosion. The
method of stabilization may consist of vegetation or a cover of
soil, soill containing rock or stone, rock or stone, cement or con-
crete products, petroleum products, or any other soil stabilization
material presently recognized or which may be recognized (n the
future, or any combination of the foregoing as may be required for
proper protection from wind, or water eiosion.

Access to the stabilized pile area shall be controlled by the oper-
ator or owner and properly posted.

The pile shall be maintained in such a sanner that excessive ecosion
of, or environmental hazard from radicactive materials does not
occur,

The owner of the tailing pile site shall give the Colorado Department
of Health written notice ten (10) days in advance of any contempla-
ted transfer of right, title or interest in the site by deed, lease,
or other conveyance. The written notice shall contain the name and
address ol the prooosed purchaser or transferee. Prior written
approval ol the Dejartment shall be obtained before the surface

area of the land saall be put to use and it shall have been deter-
mined that the radiation dosage to the public resulting from the
proposed use does not exceed 0.5 rem per year,

With the exception of use at a mill or for reproceseing at the
aite or another location, prior written approval of the
Colorado Department of Health must be obtained before any tail-
ings material is removed from any active or inactive mill.

Detailed plans for etabilizing tailings piles shall be submitted
to the Colorado Department of Health for review and approval
prior to undertaking stabilization of the pile.



8.1.11 The State Board of Health may waive individual requirements Lr
regard to stabilization or utilization of tailings material Lf
{t can be shown that they are unnecsssary or {mpracticable in
specific cases.

8.1.12 The effective date of this regulation shall be 45 days after the
date of adoption,

Adopted : December 1I, 1966




